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battery charger Two important subjects this month: 
wiring and performance. 
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A circuit to assist in the cooling 
of power amplifier heatsinks. 
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Research tool modified 
for home users 
Developing a home page 
normally requires a bit of 
code knowledge and a cer- 
tain amount of time ~ but a 
software package previously 
aimed at researchers may 
change that. GenePage was 
launched at the end of last 
year and was designed so 
that researchers could link 
pages and share informa- 
tion, with the software act- 
ing as a filter and adding 
information to existing sites 
without the user‘s input. 
Now the company 

behind GenePage, 
Cambridge-based Steinkrug, 
has adapted the program to 
be used by consumers, giv- 
ing them the chance to cre- 
ate a standard home page 
simply by surfing the Web 
and without having to input 
information. The soft- 
ware will run with Internet 
Explorer 4 at present, but a 
Netscape version will be 
available shortly. It can be 
downloaded for free at the 
company’s website at 
www.steinkrug.co.uk p 
Steinkrug Publications, 20 
Leaden Hill, Orwell, Royston, 
Herts $G8 5QH 


Grab a portal in a box 
Website portals are two a 
penny, it would seem, but if 
you want one of your own, 
you can now buy it off the 
shelf. Cambridge-based 
Autonomy has developed 
‘Portal in a Box’ for use by 
webmasters or company 
intranet developers. 

Using Autonomy’s lan- 
guage recognition system, 
the software will automati- 
cally monitor thousands of 
websites, databases and doc- 
uments, then automatically 
break them down into a 
hierarchical category listing, 
and freeing up editorial staff 
to create high-value content. 
Autonomy Systems, St John’s 
Innovation Centre, Cowley 
Road, Cambridge CB4 4WS. 
Website: 
www.autonomy.com 


Spy cameras acceptable 
to computer workers 
Young(ish) information tech- 
nology (IT) professionals are 
more likely to find surveil- 
lance cameras in the work- 
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place acceptable than their 
older colleagues, according 
to a report compiles by aca- 
demics at De Montford 
University in Leicester. 

An ‘extraordinary’ num- 
ber of workers in the indus- 
try said they did not mind 
employers using secret sur- 
veillance techniques to mon- 
itor employees’ efforts, the 
report said. And more than 
a third though their compa- 
ny’s networks were most at 
risk from hackers working 
internally. 

The report also stated as 
a ‘matter of concern’ that as 
many as 40 per cent of 
respondents through it was 
acceptable to them to view 
data on a computer system 
that was normally hidden 
from them. 

Institute for the Management of 
Information System, IMIS 
House, Edgington Way, Ruxley 
Corner, Sidcup, Kent 

DA14 5HR. 


British domain name is 
third favourite 

More than 200,000 ‘uk’ 
domain names have now 
been registered, making .uk 
the third most popular top- 
level domain (after .com and 
.de). Nominet UK, the non- 
profit-making organization 
in charge of registering .uk 
domains, said that the 
growth of registrations was 
increasing, too — from an 
average of 2000 per month 
in 1996 to about 10,000 a 
month now. 
Mistral Group, telephone 
+44 (0)1865 883 308. 


Free access and 

computers for schools 
A scheme to provide free 
Internet access to school- 
based communities across 
the country has been 
announced. Reading-based 
Internet services company 
Voss Net is part of a project 
involving several charitable 
organizations that seeks to 
recycle older computers for 
use in school-based net- 
works, 

By getting parents, gov- 
ernors, and teachers to use 
the access service provided 
by Voss Net, schools will be 
able ti raise more money to 
pay for hardware and soft- 
ware. 

Most the of the recent 
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free Internet access compa- 
nies make a large proportion 
of their income from the 
interconnect rate — fees 
charged to one another by 
telecoms companies for car- 
rying calls across their net- 
works. 

The new scheme propos- 
es to pass a proportion of 
the money raised in this 
way back to each school that 
takes part. The more the ser- 
vice is used by people 
involved with the school, 
including families using 
home computers, the more 
money the school will raise. 

Rotary International and 
Charity Logistics will be 
involved in a project to dis- 
tribute up to a million recy- 
cled computers to schools 
during the coming year. 

Voss Net, 5 Waterside Drive, 
Langley Business Park, Langley, 
Berks SL3 6EZ. Website: 
www.vossnet.co.uk 


Laser may avert airliner 
explosives threat 
Pioneering British scientists 
have developed a laser that 
can detect minute amounts 
of explosives, including 
Semtex, and which could 
save the lives of airline pas- 
sengers around the world. 
The ‘nose’ of the device 
can identify the molecular 
footprint given off in vapour 
form by every material. 
Every substance vibrates at a 
different frequency and 
when laser beams are direct- 
ed at the sample, the reflect- 
ed light forms and equally 
unique patterns, identifying 
the substance. 
Press and Media Relations, 
Leeds University, Leeds LS2 9JT 


Overwhelming support 
for IEEE1394 

Apple Computer, Inc., 
Compaq Computer Cor- 
poration, Matshushita 
Electrical Industrial Co. Ltd 
(Panasonic), Royal Philips 
Electronics, Sony Corpora- 
tion and Toshiba Corpora- 
tion recently announced 
their support for the high- 
speed IEEE1394 digital inter- 
face and their intention to 
form a patent pool to effi- 
ciently license patents 
required to implement the 
standard. The six companies 
will work together to pro- 
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mote the industry-wide 
adoption of IEEE1394. 

TEEE1394 was invented 
by Apple and was adopted 
by the Institute of Electrical 
and Electronics Engineers 
(IEEE) as an industry stan- 
dard. Offering data transfer 
rates of up to 400 Mbits/sec, 
TEEE1394 has become the 
standard for transferring 
digital video, and over three 
million digital camcorders 
with built-in IEEE1394 have 
been sold to date. 

The standard is being 
incorporated into an ever- 
increasing array of con- 
sumer multimedia devices, 
such as set-top boxes and 
digital VCRs, and is poised 
to become the next genera- 
tion industry-standard for 
connecting personal com- 
puters to high-speed periph- 
erals such as printers, scan- 
ners and disk drives. 

E-mail addresses: 
brady2@Apple.com 
hedy.baker@compaq.com 
Kitadeya@hgs.mei.co.jp 
Jeannet.harpe@ehv.sv.philips. 
com 

lintz@ccom.sony.co.jp 
Kenichi.Sugiyama@ toshiba.co, 
IP 


Free BT Internet 
connection 

BT (formerly British 
Telecom) has said that it is 
not concerned about other 
free Internet connection ser- 
vices and that with the 
announcement of BTClick- 
Free it has not been pressur- 
ized into creating a free ser- 
vice. The move is probably 
one of the Internet's worst- 
kept secrets, with several 
smaller operations introduc- 
ing free Internet access forc- 
ing BT’s hand. 

ExciteClick, which joined 
with the BT service to pro- 
vide its own access, will also 
be going free but there is no 
confirmation as to whether 
YahooClick will be doing the 
same. A website (www. 
btclickfree.com) has opened 
offering a free download of 
dial-up software to access 
the service. 

Content and search facili- 
ties will be provided by 
Excite UK, which will con- 
trol the portal site, and BT’s 
web-based e-mail service 
Talk21 is being promoted as 
part of the package. A cus- 


tomer helpline will be 
charged at 50 pence per 
minute. Talk21 is POP3 com- 
patible, and is available for 
on-line and off-line access 
with any e-mail client 

BT Internet Services, Holborn 
Centre, 15t Floor PP 111b, 120 
Holborn, London ECIN 2TE. 


IBM builds talking 
browser 

IBM has created a talking 
Web browser to help blind 
and partially-sighted people 
use the Internet. Combining 
the company’s Via Voice 
speech recognition software 
with Netscape’s Navigator 
browser, the Home Page 
Reader package reads aloud 
Web documents in what 
IBM says is a clear and easy- 
to-understand way. 

It has been designed to 
detect HTML tags — the code 
that makes up Wb pages — 
and create audible versions 
of even complex layouts like 
tables and data fields. The 
browser can be used with a 
specially designed keypad 
to allow simple navigation 
and a unique ‘fast forward’ 
function to skip unnecessary 
pages. 

Meanwhile the journal 
Science reported an advance 
by IBM scientists in develop- 
ing plastic transistors that 
could make much more 
rugged computers, The 
breakthrough could lead to 
cheaper computers that use 
less power and operate 
without generating large 
amount of heat, as many sil- 
icon transistor systems do at 
present. 

IBM UK, 76-78 Upper Ground, 
London SE1 9PZ. 


Safeway begins 
e-shopping test 
Supermarket chain Safeway 

has begun its pilot home- 
shopping project which will 
see 200 customers given a 
customized PalmPilot hand- 
held computer to ‘shop on 
the go’. Called EasiOrder, 
the system allows users to 
choose items to buy as and 
when they think of them. 
The handheld device also 
has a barcode scanner allow- 
ing people to shop by scan- 
ning items already in their 
kitchen cupboards. 

They send their order by 


plugging the gadget into the 
phone line and download- 
ing it for Safeway staff to 
assemble it for collection by 
the customer later. Users’ 
data derived from their loy- 
alty card history can also be 
downloaded into the Palm- 
Pilot, making it easier to 
shop. The service was devel- 
oped with IBM which 
helped devise the specially 
created software and data- 
base applications. 
EasiOrder is a natural 
extension of the store’s self- 
scanning system, Shop and 
Go, introduced in 1995. 
According to a spokesman, 
over 20 per cent of Safeway 
customers use the scanning 
system regularly. 
Safeway Press Office, 6 Milling- 
ton Road, Hayes UB3 4AY. 


Free Internet access from 
Tesco. 
Supermaket chain Tesco has 

launched a free Internet 
access service. Anyone with 
a Tesco clubcard will be eli- 
gible by picking up a sign- 
up pack from branches of 
the chain. 

Users of the free service 
will get five e-mail address- 
es, up to 10 Mbyte of wen 
space, Usenet access, FTP. 
telnet, and use of a helpline 
charged at 50 p/min. Free 
software (Microsoft Internet 
Explorer 4.0) will be provid- 
ed. The service is available 
for Windows 3.1, Windows 
95 and Macintosh OS. 

At present, the service is 
available only within the 
M25 motorway area, but it is 
hoped to expand this in the 
very near future. The com- 
pany also hopes to produce 
Web-based home shopping 
catalogues for non-grocery 
items. 

Tesco Direct, PO Box 18, 
Delamare Road, Cheshunt, 
Herts EN8 9SL. Website: 
www.tesco.net 


W H Smith sees Internet 
book sales rocket 
Britain’s largest bookseller’s, 
W H Smith, drive into virtu- 

al shopping is reaping 
rewards with sales through 
its Internet Bookshop sub- 
sidiary. Total sales through 
the Internet business 
reached about £2 million 
since last September. 
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The Internet Bookshop, 
bought by W H Smith in 
June last year, is the largest 
on-line seller of books in the 
UK after the United ~States 
company Amazon.com. 

Recently, the group paid 
£5.6 million for Helicon, an 
education publishers with 
strong business in the field 
of new media. Helicon’s 
Hutchinson Encyclopaedias 
are published in book form 
as well as compact discs. 
The Internet Bookshop, 6 Isis 
Business Centre, Pony Road, 
Oxford OX4 2RD. 
www.bookshop.co.uk 


Using the Web as a 

musical instrument 
Downloading or buying 
music from the Internet is 
nothing new — but making 
music using the web itself as 
a score is. A British Arts 
Council-backed project, 
called Earshot, uses software 
to convert the HTML (hyper 
text mark-up language or 
language of the net) that 
renders every web page into 
noise. 

A version of it, called 
Headbanger, is available for 
downloading from the 
Earshot site, but more soft- 
ware is planned for the very 
near future. 

As the software intercept 
the HTML of a web page, it 
sets off sound associated 
with particular HTML tags. 
As the user navigates from 
page to page, the sounds 
will change according to the 
underlying code. 

Arts Council of England, 14 
Great Peter Street, London 
SWIP 3NQ. Websites: 
www.deepdisc.com/earshot/ 
wwwaartec.org.uk 


European expansion for 
Cisco Systems 
Silicon Valleys Cisco 
Systems, a worldwide leader 
in networking for the 
Internet, has started manu- 
facturing for Europe from a 
base in Livingston, Scotland. 
It has also opened its first 
European R&D centre in 
Edinburgh to focus on 
developing and testing net- 
working software technolo- 
gy for the global market. 
Cisco’s first R&D centre 
outside California was 
opened in 1991 in North 
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Carolina with a small sales 
office and a handful of engi- 
neers. Today, the R&D cam- 
pus is the company’s US 
east coast headquarters with 
about 1000 employees. 
wwwiis.org.uk 


Access costs more for 
British users 

The United Kingdom is one 
of the most expensive coun- 
tries in Europe for Internet 
access, but this is precisely 
what drives the industry 
forward, according to ana- 
lysts Datamonitor. UK 
Internet users spend on 
average three times more 
than their counterparts in, 
say, Scandinavia, for month- 
ly Internet service subscrip- 
tions. But, alongside Austria, 
the UK is the most attractive 
country for Internet service 
providers (ISP) to set up 
because of the high fees and 
low-usage levels. 

The UK has the second 
largest on-line population in 
Europe after Germany, but 
UK users tend to sped less 
time on-line. Net access is 
becoming more of a com- 
modity and the rapid rise of 
free and pay-as-you-go ser- 
vices is causing huge 
changes in the industry. 

According to Datamoni- 
tor, ISPs are increasingly con- 
sidering alternative revenue 
streams, most of which are 
content related. The most 
mature markets, such as 
Sweden, Finland, Norway, 
and Denmark, are the ones 
that offer lowest prices for 
Internet access. 

Datamonitor, 106 Baker Street, 
London W1M 1LA. 


Revised code of practice 
for service providers 
Internet users should get a 
much improved service 
through a revised code of 
practice from the UK’s 
Internet Service Providers 
Association (ISPA). 

The revised code is 
aimed at reducing misuses 
such as hacking and e-mail 
‘spam’ (unsolicited material) 
as well as improving the 
information given on filter- 
ing techniques that can 
block offensive material. 

Another bonus is the rec- 
ommendation that users will 
be able to transfer their 
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domain names if they 
change their service 
provider (ISP), a move that 
should improve competi- 
tion. Members of ISPA — 
about 90 per cent of the dial- 
up market - have also been 
encouraged to observe the 
new data protection laws 
and help the Internet Watch 
Foundation remove illegal 
material. 

ISPA, 77 Great Peter Street, 
London SW1P 2EZ 


BBC net site rivals Yahoo 
The commitment of the 
British Broadcasting Corpo- 
ration (BBC) to its on-line 
service seems to be paying 
dividends as it challenges 
Yahoo for the plaudit of 
most-visited UK site on the 
Internet. 

Yahoo UK still takes the 
top spot with 61 per cent of 
Internet users visiting the 
site in a recent two-week 
period, with BBC Online 
taking second place with 42 
per cent, according toa 
recent survey. 

The BBC has proclaimed 
that the Internet is its third 
broadcast medium alongside 
television and radio. 

E-mail: press@ fletch.co.uk 


Britons lead the way in 
e-mail use 

Sending e-mail is turning 
into a British pastime and 
the nation leads Europe in 
the art of the cyber letter. A 
recent survey shows that 50 
per cent of Internet users in 
the UK are logging on to 
send e-mails, compared with 
the European average of 34 
per cent; most of this is 
done in the workplace and 
not at home. 

The survey showed that, 
in Europe, Scandinavians 
dominate the Internet over- 
all. Nearly 50 per cent of 
people in Finland have used 
the net, compared with one 
third in the UK, the 
Netherlands, Eire, and 
Austria, with Italy being the 
weakest with just 19 per 
cent of the population hav- 
ing a go. 

The survey shows that 
the European Internet mar- 
ket is highly diverse Broadly 
speaking, development is 
most advanced in 
Scandinavia, where the 
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Internet is becoming a part 
of daily life at home as well 
as at work. Nevertheless, the 
survey says, British users are 
among the most sophisticat- 
ed in Europe. 

The UK is one of the 
countries using the Internet 
most for shopping, along- 
side Sweden, Spain, Austria 
and Finland, with between 
10 per cent and 17 per cent 
making purchases on-line. 
Few people in Europe, 
except in Finland, are as yet 
willing to conduct banking 
affairs on-line. 

Caroline Moore, 2 Priory 
Gardens, London SW13 OJU. 


Free net deal for 
schoolchildren 
A London-based Internet 
business is to offer free 
Internet connections for 
schools and families with 
schoolchildren. Bibliotech, 
operator of the Postmaster 
(www.postmaster.co.uk) free 
e-mail site, announced its 
new Schoolmaster service at 
the recent Education in 
Technology show. 
Schoolmaster (www. 
schoolmaster.co.uk) will 
offer connectivity, closed 
chat rooms and message 
boards and wider communi- 
ty Internet access for free. 
Parents will be able to 
use their child’s school’s 
connection as well, creating 
a virtual network between 
parents’ homes and the 
school. Bibliotech is also 
promising that as each 
school uses its connection, it 
will earn ‘credit points’ 
which it can use to get free 
computer equipment or soft- 
ware. Schools will get web- 
browsing software and a 
Net connection for free, but 
they will have to pay for 
local-rate dial-up calls. 
Telecoms company 
Telinco is a partner in the 
project providing back-end 
technology and connection 
to the national telephone 
network. The company has 
raised more than £1 million 
of private investment, partly 
from a group of individuals, 
and partly from venture 
capitalists European Venture 
Partners. It says the 
Postmaster has 60,000 regis- 
tered users and generates 
about 4.5 million page views 
per month. 
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Bibliotech, 631-633 Fulham 
Road, London SW6 5UQ. 
E-mail: info@bibliotech.co.uk 


Missing children website 
The UK’s website dedicated 
to finding missing children 
will post details of up to a 
dozen missing children in 
the hope that Internet 
surfers might be able to pro- 
vide vital information to 
help track them down. 
Cases on the site will 
include runaway, abducted 
and abandoned children. 
www.missingkids.co.uk 


New computing channel 
at Virgin net 
Virgin Net has opened a 
new channel dedicated to 
computing and technology 
news. The channel includes 
news headlines from sites 
like the BBC and CNet, 
reviews of computer prod- 
ucts, games and software, 
and a ‘Made Simple’ section 
explaining technical terms to 
new users. 
Virgin Net, 20 Soho Square, 
London W1A 1DS 
www. virgin.net/computing 


Euro online numbers set 
to double 
Figures predicting the future 
growth of the Internet antic- 
ipate a large increase in the 
European on-line popula- 
tion by 2003. The latest 
research from Datamonitor 
shows that there are now 
12.5 million households in 
Europe with an Internet 
connection, but this is 
expected to grow to one in 
three by 2003. The German 
market is worth more than 
the UK, which comes sec- 
ond in the league table of 
revenue from Internet sub- 
scriptions. 

UK Net access is cheaper 
overall, because telephone 
charges are much higher on 
the Continent and on-line 
services there tend to charge 
more per month, although 
the ‘free access’ model pio- 
neered in the UK has been 
taken up by germany.net in 
Germany and BIP in 
Sweden. 

Although the ever- 
shrinking cost of computers 
is a major driver of market 
growth, the advance of con- 


tent services to maturity also 
plays a part 

Datamonitor, 106 Baker Street, 
London W1M 1LA. 


Radio waves future of 
Internet access? 

Broadband Internet access 
by radio waves rather than 
telephone networks could 
dramatically change the way 
we gain access to the web 
and may be with us this 
year. 

A research project in 
Cambridge between 
Adaptive Broadband and 
the Olivetti & Oracle 
Research Laboratory is look- 
ing into the possibilities of 
large amounts of data being 
transferred via radio waves. 
The project involves 20 loca- 
tions in Cambridge linked to 
a network by radio waves 
rather than cables. 

Many of the problems 
surrounding Internet and 
Intranet access have centred 
on ‘last mile’ connectivity. 
Unless you have an ISDN 
link, the transfer of large 
amounts of data is very slow 
on telecommunication lines. 

The system is to be tested 
in the UK in June this year, 
as the US has left analogue 
space for broadband deliv- 
ery. In Europe, the revolu- 
tion may take longer as 
there is not the same 
amount of freely available 
radio waves to accommo- 
date broadband. 

Olivetti & Oracle have 
just been acquired by US 
telecoms giant AT&T for 
about £30 million. 

The laboratory will con- 
tinue its research pro- 
gramme which draws on 
and inspires many projects 
at Cambridge University. In 
the future, it will also work 
closely with other AT&T 
research centres in the USA. 
AT&T UK, e-mail: 
jgunn@london.att.com 
Website: www.att.com 
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GENERAL INTEREST 


chaos 


nm electronic circuits 


seeing is believing 


‘Today some aspect 
of chaos theory is 
often seen in science 
magazines and even 
newspapers. Does it 
_have any relevance 
to radio and other 
electronic circuits? 
ae Yes, it does. 


By Chris Meadows G4KWH 


The term chaos may conjure up ran- 
‘dom uncoordinated movements of 
people in panic or the up and down 
movement of the stock market. In the 
scientific and engineering use of the 
term, chaos is not random in spite of 
the manner in which it shows itself. | 
hope you will be convinced of this by 
~ simulating or actually constructing the 
~ small chaotic electronic circuit given 
in this article. 

What is chaos? How may it be 
efined? Two main tests can by applied 
check for chaos. Firstly an electronic 
-circuit. may be exhibiting chaos if its 
output waveform shape can be signifi- 
tly altered when a component value 
“is changed by a small amount, say 1%. A 
typical chaotic time output waveform 
may be-seen in Figure 1 
Secondly, if two different voltages 
or currents) that exist in the circuit are 
able to produce a ‘strange attractor’, 
using the X-Y feature on an oscillo- 
scope, then the circuit under test is 
‘behaving chaotically. This test depends 
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strange attractor. A strange attractor 
image is shown in Figure 2. 

Why is the image strange? The pic- 
ture we see exists in three-dimensional 
space. We are looking at a trace that 
never intersects itself; the loops (they 
are not circles) are infinitely deep but 
continually fold back, but never touch 
or join. For all of this we see it as a com- 
plete figure; strange indeed. Figures 
such as these coexist with other 
dynamical phenomena such as Fractals 
and Mandelbrot sets. 


BACKGROUND 

Chaos was pondered mathematically 
well over one hundred years ago, but 
it was not until computers were used 
to investigate the subject that the mod- 
ern notion of chaos was born. All this 
happened in the early 1960s at Massa- 
chusetts Institute of Technology (MIT). 
It began when a weather man working 
at the institute wondered why the sea 
tides could be predicted exactly but not 
the weather. He set out to try and rem- 
edy this situation. 


With access to the MIT’s computers 
and a set of math equations, he discov- 
ered the roots of modern chaos theory. 
Computer analysis indicated that only a 
slight change in just one of the many 
parameters in his weather equations 
brought about significant changes in 
the outcome. 

A process romantically summed up 
by saying that the movement of a but- 
terfly’s wing in South America can 
effect a weather change in Europe. 


ELECTRONIC CHAOS 
Can we as electronic constructors cre- 
ate our own electronic butterflies and 
strange attractors? The answer is yes 
and with not too much effort. There is 
the option of simulating a chaos circuit 
or actually building it. 


THE 

SIMULATION ROUTE 

If you have a copy of MicroSim’s Pspice 
(the evaluation MSDOS version is fine) 
it is easily used to load in the netlist 
given in Table 1. This program will 
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generate time diagrams and strange 
attractors similar to the waveforms 
seen in Figures | and 2. Pspice software 
may be downloaded from the Edream 
BBS in the UK on telephone (01442) 
256362. The book by Tuinenga listed at 
the end of this article is a reasonable 
introduction to Pspice and the netlist- 
ing of circuits. 

The netlist is created from one of 
the first circuits used to analyse chaos. 
The circuit consists an inductor-capac- 
itor (LC) arrangement that is con- 
nected to a negative resistor circuit pro- 
vided by two op-amps. The full circuit 
is shown in Figure 3. 

The circuit is called the Chua Diode 
Circuit after Professor Chua who cre- 
ated and analysed the arrangement in 
the 1980's. 

Once the Pspice program is run- 
ning, type in the netlist and save it. 
Most types of error are reported at this 
stage automatically. Nine times out of 
ten a reported problem is typographi- 
cal, Then go to menu bar and select 
Analyse and run Pspice to simulate the 
circuit (the process takes about one 
minute on a 300-MHz machine run- 
ning Windows 95 in DOS Shell mode). 
After the simulation is complete you 
are presented with a display screen. 
Press the enter key for Add_Trace then 
press key F4 and highlight V1 and 
Enter. A trace similar to Figure 1 is 
developed. To display the strange 
attractor, go to the X_axis, Enter, and 
then the X_variable and Enter. Now 
press F4 and select V2 and Enter. An 
image similar to Figure 2 is developed. 
Iry a few of the other listed voltages or 
currents to develop different attractors. 

The chaos test can be applied by 
changing the inductor value by, say, 
1%, and then looking at the new time 
diagram: it changes shape, Change to 
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the X-Y feature and note that the 
strange attractor diagram keeps its 
shape. 


CHAOS 

UNDER WINDOWS 
MicroSim do publish a Windows eval- 
uation version of Pspice called Design- 
Lab. It may be downloaded from their 
Web site at 

http://www.microsim.com. 

If you choose to use this version rather 
than the DOS one described above, fol- 
low this procedure (Pspice v. 6.2): 


Draw the circuit diagram. 

Select ANALYSIS, SETUP TRANSIENT. 

Set transient to PRINT STEP=20ns, 
FINAL TIME=20ms, STEP CEIL- 
ING=500ns. 

Activate SIMULATE. 

Select X-axis settings in 


Netlist some chaos 


The netlist below is for the Chua diode circuit, and intended for DOS versions of Pspice. 


Always have a netlist title on the lst line. Comments after 


Rl 0 3 3.3k +; no value listed here is critical. 
R2 3 4 22k 

R3 2 4 22k 

V+ 5 0 12V ; not critical say 10 to 15V 

V— 0 6 12V 

X12 3 

.-LIB EVAL.LIB 

R40 7 2.2k 

R5 7 8 220 

R6 2 8 220 

X2 2 75 6 8 UA741 

Cl 2 0 10n ic=O0V ; zero volts for initial conditions 
C2 10 100n ic=0V 


L 19 18m ; some interaction with this value and Rl 
R7 0 9 12 ; value is within the wire forming Ll 

R8 12 1.5k ;use a preset up to 2k 

-tran 10u 20m 0 10u uic ; sets up the analysis times and to use initial conditions 
-END ; must always end with an .end statement. 


fu 


U2(R1) 


PROBE. 

Select AXIS VARIABLE. 
Select ALIAS NAMES. 
Select V2(R1). 


THE 

CONSTRUCTION ROUTE 
If computers and simulation are not for 
you, then similar results may be 
obtained if the Chua diode circuit is 
actually built. 

Component values and DC voltage 
are not critical. Instead of using two 
UA741 it is expedient to use a double 
op amp IC such as a LF412 or a TLO52 
or 62. 


" are ignored by the program 


5 6 4 UA741 ; the only op-amp available in version 5.2 but it works fine. 
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TESTING 

Connect an oscilloscope probe to the top 
end of C; and adjust the controls for a 
trace. The signal is at audio frequency. A 
different chaotic waveform can be seen 
by connecting the probe to the top of Cy 
. Switch the oscilloscope for X-Y mode 
and connect the signals from capacitors 
C, and C3 to the X and Y inputs. Adjust 
the variable resistor (DOS: R8; WIN: R1) 
carefully to obtain the strange attractor 
shape seen in Figure 2. 


CONCLUSION 

Many people ask “What use is chaos?” 
A factitious answer might be “Why 
climb Everest?” The question is more 
usefully answered by the fact that 
chaos theory has been and is of great 
use in providing systems reliability. It 
has been a motivator to develop math- 
ematical tools necessary to analyse and 
understand the problems associated 
with instability and oscillations in not 
only electronic circuits but also 
mechanical systems. Many complex 
circuits thought to be stable have been 
found, under certain conditions, to be 
unstable and exhibit chaos. Such a 
regime renders the system unservice- 
able with possible dire consequences. 
Another area of experimentation and 
research consists of using chaotic 
waveforms to modulate transmitted 
messages. Encrypting a message in this 


HE, Schematics - [*chaos.sch p.1 (current)] 
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manner may yield a competitive 
advantage over current covert trans- 
mission techniques. 

qg9nde- 1) 


For further reading 
The following books are well worth 
consulting for further information on 


Sonoda 13 


the subject of chaos. 

1 Stewart, Does God Play Dice? Penguin 
Books 1990, 

J Gleick, Chaos. Cardinal 1989. 

P W Tuinenga, SPICE, Prentice-Hall 
1992. 

Edited by N Hall, New Scientist Guide to 
Chaos, Penguin Books 1992. 
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i CONSTRUCTION GUIDELINES i 


j Elektor Electronics (Publishing) does not provide parts and compo- 
| nents other than pcBs, fornt panel foils and software on diskette or 1C 
} (not necessarily for all projects). Components are usually available 
j form a number of retailers - see the adverts in the magazine. 


I Large and small values of components are indicated by means ol one 
1 of the following prefixes ; 


a fatto) = 10's 
f Gemto) = 10-15 
pipico) = 10° le 
n (nano) = 10-9 
w(micro) = LO-A 
m tmilli} = LFS 
cfcenti) = 10-2 
d (deci) = 10°! 


E (exad = 1008 

P (peta) = 10'S 
T (tera) = 101? 
G (giga) = 10° 
M (mega) = 10° 
k (kilo) = 108 

h (hecto) = 102 
da (deca) = 10) 


In some circuit diagrams, to avoid confusion, but contrary to tec and 
BS recommandations, the value of components is given by substitut- 
ing the relevant prefix for the decimal point. For example, 

3k9 = 3.9 kO 4u7 = 4.7 uP 


i Unless otherwise indicated. the tolerance of resistors is + 5% and their 
rating is '!4—'4 watt. The working voltage of capacitors is 2 50 V. 


I In populating a pce. always start with the smallest passive compo- 
I nents. that is, wire bridges, resistors and small capacitors; and then ic 
§ sockets, relays, electrolytic and other large capacitors, and connectors. 
j Yulncrable semiconductors and 1cs should be done last. 


| Soldering. Use a 15-30 W soldering iron with a fine tip and tin with 
a resin core (60/40) [nsert the terminals of components in the board, 
bend them slighty. cut them short, and solder; wait [-2 seconds for 
i the tin to flow smoothly and remove the iron. Do not overheat, par- 
ticularly when soldering (cS and semiconductors. Unsoldering is best 
I done with a suction iron or special unsoldering braid. 


Faultfinding. If the circuit docs not work, carefully compare the pop- 
ulated board with the published component layout and parts list. Are 


all the components in the correct position? Has correct polarity been § 
observed? Have the powerlines been reversed? Are all solder joints ‘ 
sound? Have any wire bridges been forgotten? 

If voltage levels have been given on the circuit diagram, do those I 
measured on the board match them — note that deviations up to + [0% | 
from the specified values are acceptable. i 


Possible corrections to published projects are published from time to I 
time in this magazine. Also. the readers letters column often contains [ 


useful comments/additions to the published projects. | 
The value of a resistor is indicated by a colour code as follows. 
i 
I 
I 
I 
i 
‘color Ist digit 2nd digit mult. factor rolanatncel | 
| 
black - 0 - - 4 
brown I l x LD! t1% 3 
red 2 2 xP 22% 
orange 3 3 «105 - if 
yellow 4 4 x 104 - i \ 
green 5 s x105 £0,5% | 
| blue 6 6 x 106 = 
violet 7 7 - 7 i 
grey 8 8 = = i 
| White 9 9 - 7 : 
| gold - - x 10-! +5% il 
| silver - - x10 2 +10% |f 
none 7 = = + 20% | 
Examples: 1 
brown-red-brown-gold = 120 Q, 5% I 
yellow-violet-orange-gold = 47 kQ, 5% l 
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Although most hob- 
-bies could count on 
the interest of vast 
-numbers of people 
‘not all that long ago, 
times have changed 
and they now attract 
only a handful of faith- 
ful adherents. One of 
_ the more popular 
hobbies was that of 
odel trains and this 
retains a core of 
_ enthusiasts. One of 
the aspects of this 
hobby that has 
hanged considerably 
the amount of elec- 
- tronic units that is 
now available to the 
_ discerning few. This 
article discusses how 
gital circuits may be 
used to control loco- 
motives, points, and 
: signals. 


By L. Lemmens 
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GENERAL INTEREST 


digital control for 


model trains 


design considerations 


INTRODUCTION 

A basic model train set consists of a rail- 
track, a locomotive (loco), perhaps a 
coach or two, and a variable power 
supply. The supply voltage may be 
adjusted within certain limits with a 
simple potentiometer to make the train 
go faster or slower. Such a set is avail- 
able from most toyshops at relatively 
low cost. 

Developments in digital electronic 
engineering and the fact that a model 
track is in essence a two-way bus. form 
the basis for a digital control system. A 
bus is a signal route to which several 
items of a system may be connected in 
parallel so that signals may be passed 
between them. A bus is commonly 
called a trunk in the USA and some- 
times a highway in the UK. 

There are two kinds of model rail- 
track: one in which the two rails carry 
different voltages, and one in which a 
central conductor is used. The advan- 


tage of the latter is that the polarity of 
the signals is independent of the direc- 
tion of the train. In the two-rail system, 
measures must be taken to ensure that 
the loco receives digital signals of cor- 
rect polarity. After all, changing the 
direction of travel necessitates reversal 
of the polarity of the digital signals. 

Marklin, a popular manufacturer 
and supplier of model train sets, uses 
the central conductor, whereas most 
other makers use the two-rail system. 
This does not make much difference to 
the principles of the control units, so 
that this article remains general and is 
based on the control signals used in 
Marklin sets. 


DIGITALLY 
CONTROLLED TRAIN 

The basic setup of a digitally-controlled 
model railway is virtually the same as 
an analogue one—see Fig-ure 1. How- 
ever, in a conventional analogue sys- 
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tem, electric motors are used that can 
work from a range of voltages, direct or 
alternating, it matters not. The higher 
the voltage (within limits), the faster 
the train travels. The voltage on the 
rails is generally in the range 4-16 V, 
but there is also a voltage of 24 V to 
actuate a direction switch. When this 
switch is operated, the train reverses its 
direction of travel. 

In a digital setup, these elements 
are not easily recognized, since all con- 
trol signals are digital ones generated 
by a computer or microprocessor. The 
digital controller is called the control 
unit. 

Ina digital system, the supply volt- 
age is usually pulse-shaped 
whose peak value of +15 V is 
independent of the speed of 
the train. This means that the 
digital signals have a dual 
function: supply and control. 
This implies that instructions 
may be sent in tandem with 
the supply voltage from the 
central control unit via the track to the 
users (loco, points, etc.). 

A simple test in which a lightbulb is 
connected across the track (rails O and 
B) makes this clear. The brightness of 
the bulb is independent of the speed 
with which a digitally-controlled train is 
driven along the track. 

In the quiescent mode, there is a 
potential of -15 V on rail B, but when 
control pulses are transmitted, the 
polarity changes from -15 V to +15 V. 
Resistive users, such as the bulbs in 
coaches, signals along the track, or the 
lighting of houses near the track are 
not affected by this reversal. 

When a digital track system is used, 
it is advisable to use locomotives that 
have been designed for this, since the 
reaction of conventional locos used on 
such a track is quite unpredictable. 
Some do not react at all, while others 
travel at full speed at all times. 


DATA ALONG THE 
TRACK 

All units that are to react to digital data 
must contain a dedicated decoder to 
translate the instruction for the specific 
unit from the pulse signals. Address 


* Motorola calls this trinary’, but this is not 
(yet) an industry acccepled term. 


logic 0 
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and data bits are transferred serially, 
that is, bit 1 is sent first and bit 9 last. 
The pulse train may be two-state or 
three-state. 

Since the protocol is based largely 
on Motorola components (which is 
why the name Motorola format is 
often used), the term three-state* is 
used, which means that apart from the 
binary logic high (or 1) and logic low 
(or 0), there is a third logic level: the 
open input. These three states are 
encoded as follows: 


* logic 0—two short pulses 

* logic 1—two long pulses 

* open input —a long and a short 
pulse, 


The shape of these signals on the rail- 
track is shown in Figure 2. 

In three-state logic, the smallest 
information unit is a frit. In the protocol 
used, four trits determine the decoder 
address. They provide 34=81 different 
combinations. This means that, in the- 
ory at least, 81 locomotives may be used 
simultaneously on the track. However, 
address 68 is reserved for future expan- 
sion, so that only 80 
loco address are 
available, 


th = 208 us for points 


The four trits are followed by five 
data bits (32 combinations), which con- 
tain all the data for the item being con- 
trolled, such as speed of travel, direc- 
tion of travel, special functions, or mag- 
net energizing. 

It is clear that the complete code of 
nine logic bits contains all necessary 
data for the control of locomotives, sig- 
nals, points, and other units along the 
track. 

The transmission of the control 
code requires 18 pulses (two per logic 
bit). Figure 3 shows a possible compo- 
sition of a complete instruction. 

The reliability of the transmitted 
instruction is enhanced by sending the 
command twice in succession. If the 
relevant decoder reacts as if there were 
two different instructions, the data are 
ignored. 

There is, of course, energy required 
for driving the locos, points, signals, 
and so on, and this is obtained by pass- 
ing the pulses, which have a peak 
value of 15 V, through a rectifier, so that 
a direct voltage of 15 V ensues for ener- 
gizing motors and electromagnets. 


DECODERS 

There are two kinds of decoder: mobile 
ones such as found in locomotives, and 
fixed ones as used in 
points and signal 
sets. These are 


open 


415 us for locomotives Se0ges:- 1-12 


address 


address 


termed locdecoders and point/signal 
decoders respectively. 

Since, owing to the varying quality 
of nothe electrical connection between 
track and loco, locdecoders are partic- 
ularly vulnerable to interference, they 
are provided with extra protection 
against such interference. Another 
means of reducing the sensitivity to 
interference is the use of a lower bit 
speed for locos. This has a secondary 
advantage in that differing baud rates 
enlarge the address range. 

Points decoders are accessed at a 
baud rate of 4810 bit s-!, whereas locos 
are controlled at a rate of 2045 bit s~!. 
This means that the two pulses form- 
ing a bit or a trit last 4.4 ms, whereas in 
the case of a locdecoder the data need a 


loco decoder 


function 
tp = 3.77 ms for locomotives 


points decoder 


tp = 1.87 ms for points 


time of 8.8 ms. i 

In this setup, decoders ignore sig- 
nals with a bit rate not associated with 
them. That is, locdecoders do not 
detect the instructions to fixed 
decoders, and vice versa. This is of 
great practical benefit, since the avail- 
able instructions (81 different address 
and 32 different blocks of data) may 
also be used for the locdecoders (64 
addresses and 16 combinations). 
execution of instructions 
Every decoder contains a circuit that 
converts the detected digital signals 
into an action. To ensure that each 
decoder reacts in a specific way, it is 
provided with a compact Dip address 
switch. Such as switch may be replaced 
by an EEPROM. 


loc decoder command 


trinary address 


turnout decoder command 


potas | os | ane | 
low 


actuator no. 


enable 


trinary address 


special-function decoder command 


eas [me] tas | tae [ots | ote | at | ave 


functions 1 - 4 


oe 


coil (bobbin) 


980085 - 1-13b 


In locdecoders, the transmitted data 
consist of three constituents: 


* address (four trits long) 
* function (one bit long) 
* speed (four bits long) 


The function of the address is clear: it 
selects the relevant locomotive. Func- 
tion, for instance, lighting, a steam 
whistle or smoke from a funnel, may 
be switched on or off with the function 
bit. 

Of the four bits (16 combinations) 
with which the speed is controlled, bit 
6 is the least significant (LsB) and bit 9 
the most significant (ms). A value of 0 
means stopping and standing still. A 
value of 1 means a change of direction, 
while bits 2~15 contain the actual infor- 
mation on speed. 

This means that an instruction may 
look like this: loco 20, travelling at 
speed 4, extra function on. This is 
shown schematically in Figure 4. 

Similarly, in the case of a points 
decoder the instruction may be: points 
decoder 10, points 3 energize coil. 

In the case of points decoders, there 
are four trits for the address, then 
comes bit 5 which is always 0, and then 
bits 6-8 for the points address. 

The ninth and last bit (9) deter- 
mines whether the coil is to be ener- 
gized. The structure of this combina- 
tion is shown in Figure 5. 

The code used with the decoder for 
special functions is different in that 
bit 5 is always 1. The remaining four 
bits are available for controlling the 
four functions. The structure of this is 
shown schematically in Figure 6. 
address decoding 


Elektor Electronics 5/99 


All decoders have an 8-way Dir switch 
with which the four trits long address 
is set. As seen in Figure 7, trit is defined 
by switches 5, and S,, trit 2 by switches 
S$; and S4, and so on. All switches are in 
either position low or high. 

The switch combinations associated 
with the desired addresses are tabu- 
lated in Table 1. Bear in mind that 
address 68 cannot be used, since this is 
reserved for future functions. The 
same applies to address 81 (all inputs 
open). New control units put this 
address on the track as long as no 
other addresses are called. Note that 
address 80 at which the used bits are all 
low, should really be address 0. 

There are also so-called A-decoders, 
such as the 6603, which use four 
switches, 5;— s These are analogous to 
switches $1, 53, Ss, and Sz, of a standard 
locdecoder. The limitation of this 
arrangement is clear: only addresses in 
which $3, Sy, Sg, and Sg, are not used 
(identified by the — in Table 1) can be 
set. In other words, the price for minia- 
turization is a limited number of avail- 
able addresses. 


UPDATED FORMAT 
A ‘new Motorola format’ was intro- 
duced by Marklin in 1994 and was first 
used in their control unit 6021. 

This new format can, and does, give 
rise to incompatibility in certain 
respects with the earlier format. How- 
ever, the control units may be reverted 
to the old standard with a Dip switch. 
In the new format, the standard serial 
speed for the locdecoders is 38 400 
baud, while that for fixed decoders is 
76 800 baud, 

The encoding of signals has also 
undergone changes. The digital signals 
imposed on the rails are formed at low 
speed by 26 us long pulses. At high bit 
rates, this is halved to 13 ys. Eight of 
these pulses form a digital block whose 
length is therefore 104 jxs or 208 ys. 

These basic blocks are used to 
encode the two-state 1 and 0, and the 

three-state 1, 0 and open—see Fig- 
ure 8. 

A packet consists of 18 two-state or 
nine three-state codes. Each packet is 
followed by a pause during which no 
pulses are sent. A double packet con- 
sists, as would be expected, of a 
sequence of two packets that are sepa- 
rated by an interval. 


LOCO CONTROL 

When a loco is controlled via the new 
Motorola format, the first four trits, that 
is, the first eight pulses being received, 
contain an address between 0 and 80. 
The fifth bit is a two-state bit, and this 
is followed by four trits. 

The difference with the previous 
format is that in this four two-state bits 
were used, with which 16 combina- 
tions could be formed. These are used 
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DIP switch/trinary address allocation 


lorswtch | st_ | s2 | s3 | s# | 85 
| tts |e 
| tow | righ | tow | igh | tow | high | tow | igh | 


address 
controls 


re address 


in the new format as eight indepen- 
dent pulses with which 28 (256) combi- 
nations can be set up. In other words, 
the number of possibilities has been 
increased appreciably. 

In practice, the foregoing is not 
entirely true, since, because of compat- 
ibility requirements with the previous 
format, certain combinations are not 
allowed. 

In brief, the difference between the 
old and new formats lies primarily in 
the last eight of the 18 pulses that rep- 


12345678 


corresponding switch position 


two-state logic "1" 


two-state logic "0" 


12345678123456 


1234567812345678 


resent an instruction, 

finally 

The foregoing ‘theoretical’ consider- 
ations form the basis for a new digi- 
tal train control with a Pc interface, 
the first of which is planned to be 
published in the June issue of this 
magazine. 


[980085] 


three-state logic "1" 


three-state logic "0" 


three-state logic “open" 


980085 - 1-14 
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OWER SUPPLIES 


Yuasa, Kobe, Sonnen- 
schein and 
Varta are but 
a few of 
countless 
manufactur- 
ers of sealed 


[KOBE| 


lead-acid SEALED LEAD-ACID BATTERY 
(SLA) batter- ae 


tes. Although = 
these batter- 
jieshave been (iiiiaaiaainanm 
around for 
many years, their use 
“in amateur and hobby- 
ists circles has seen an upsurge 
recently because of price cuts in 
the surplus trade, at car boot sales 
, and flea markets. The compact, 
easy to handle 6-volt and 12-volt types 
with capacity ratings up to 30 Ah can be picked 
up cheaply and appear to be the most popular. 
SLA batteries require a simple but fairly 
unusual charge algorithm for which a low-cost 
2 circuit is described in this article. 


Design by K. Walraven 


y 


sealed lead-acid (SLA) _ 
pattery charger 


for 6 V and 12 V (VR)SLA batteries 


Piles of SLA and VRSLA 
(valve regulated sealed lead- 
acid) batteries are a common 
find on almost any electron- 
ics-related car boot sale or 
rally these days. In some 
cases, the batteries are claimed to 
be new, and indeed we have the seen 
the odd SLA with the manufacturer's 
seal still clamped on to the terminals. 
Most SLA batteries found in the sur- 
plus trade are, however, the result of 
‘contractual maintenance work’ on 
commercial equipment, usually sur- 
veillance or computer-related. 
Whatever the source of the SLA bat- 
tery, whether it is ‘used’, ‘new’, ‘ex- 
equipment’ ‘reconditioned’ or ‘fully 
tested & guaranteed’, what you take 
home for a fiver or so will rarely 
achieve the capacity specified by the 
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manufacturer. This is because the bat- 
tery will typically have been in storage 
for a long time with no standby charge 
applied. 

Although buying an SLA battery on 
a flea market is always something of a 
gamble, do remember that if your bar- 
gaining was right you should not have 
paid more than one tenth of the origi- 
nal cost and the battery you are taking 
home may have enough capacity left 
for years of trouble-free use in or 
around the shack. If you do not like 
gambling and want to have the full 
battery capacity as printed on the 
device (the Ah figure), then leave flea 
markets for what they are and prepare 
for the shock you will get when 
enquiring about a the one-off price of 
anew, guaranteed SLA battery. 


SLA BATTERIES — 
GENERAL 

The plastic-contained SLA battery is 
actually no more than a technical 
refinement of the flooded lead-acid bat- 
tery originally invented by Gaston 
Planté in 1859. The sealed or valve-regu- 
lated sealed version, sometimes also sold 
under the trademark ‘Gelcell’, is typi- 


70% CHARGED -. 


cally used in portable equipment. 
Compared with the common-or-gar- 
den flooded lead-acid battery (as used 
in your car, for example), the SLA is 
marked by a lower over-voltage poten- 
tial which has to be strictly observed 
during charge to stay well below the 
gas-generating level which causes 
water depletion. Most SLAs will vent 
at about 5 psi, a condition which is to 
be avoided at all times because highly 
corrosive and flammable gases are 
released. 

A typical capacity range for SLA 
batteries obtainable in the surplus 
trade is 4 Ah to 30 Ah and their origi- 
nal applications include UPS (uninter- 
ruptible power supply) systems, 
wheelchairs, security lighting systems, 
biomedical instruments and _trans- 
portable radio and satellite uplinking 
terminals. The designer of the charger 
described in this article employs a 6- 
volt 4-Ah SLA battery to power a hel- 
met light for his cave exploration 
hobby. 

The advantages of SLA batteries are 
low self-discharge, the total absence of 
the dreaded ‘memory effect’, minimal 
maintenance requirements, very high 
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charge retention and, of course, low 
cost. On the down side, the SLA bat- 
tery is heavy and does not lend itself to 
very fast charging. It also has the lowest 
energy density of all rechargeable bat- 
teries and, importantly, it must be 
stored in a charged state. Failure to 
comply with the latter requirement 
may cause sulfation, a condition which, 
depending on its progress, gradually 
prevents the SLA from accepting 
charging current! Finally, because of its 
lead content, an SLA battery has to be 
disposed of according to the regula- 
tions provided for Chemical Waste Dis- 
posal by your local Council. 


CHARGE ALGORITHM 
The charge algorithm for SLA batteries 
is basically ‘voltage-limit’ (rather than 
‘current-limit’ as used for NiCd and 
NiMH batteries). Normally, a slow 14 
to 16 hours are required to fully charge 
an SLA battery. 

The algorithm illustrated in Figure 1 
is the ‘official guide’ and based on the 
use of a so-called miultistage charger. The 
algorithm comprises three phases: (1) 
current charge; (2) topping charge and (3) 
float charge. Note that the voltage 


Sulfation 


for, storage — free of charge) 


Even the shiniest SLA battery you may bring home from a 
car boot sale, rally etc., may fail to achieve the rated 
capacity (in Ah) boldly specified by the manufacturer on the 
plastic case. The reduced performance is caused by a 
metabolism inside the battery, called sulfation. Sulfation 
occurs to a smail extent in any lead-acid battery, but in the 
case of SLA batteries the process is helped by the long- 
time absence of the float-charge (or ‘maintenance’) voltage, 
or the occasional topping-charge, while the battery is in 
storage. 


A simple but by no means foolproof method of estimating 
the chances of (partial) recovery from sulfation is to mea- 
sure the battery terminal voltage under light load condi- 
tions. A cell voltage equal to or greater than 2.10 V (i.e., 
12.6 V or 6.3 V) indicates a good chance of regaining at 
least some of the lost capacity. 

Suggested methods to restore the battery include apply- 
ing a charge on top of a charge (observing a 24-48 hour 
rest period) and applying an over-charge voltage of 
2.5 Volts per cell for one or two hours. The latter method 
requires (1) extreme caution, (2) extensive battery tem- 
perature checking and (3) equally extensive safety pre- 
cautions against the risk of the cell pressure exceeding 
the venting level (usually at 5 psi). Don’t try this at home! 
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L200 


1 Of GND 


1: INPUT 

2: LIMITING 
3: GND 

4: REFERENCE 

5: OUTPUT al 


1N5401 


shown on the vertical axis is the cell 
voltage, not the battery voltage. A 6- 
volt SLA battery has three cells, a 12-V 
battery, six. 

During the first five hours or so, the 
battery is charged with a current of up 
to 0.5 C ampéres (typically 0.2 or 0.3 C) 
to about 70% of its nominal capacity. 
The remaining 30% are accumulated 
during the topping-charge phase, 
which should typically 
last another five hours. 


¥OLNaTA (3) 
L-2£0066 
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It commences when the cell voltage 
reaches a value between 2.30 V and 
2.45 V. These two levels represent the 
lower and upper extreme respectively, 
and their use is governed by advan- 
tages and disadvantages as shown in 
Table 1. According to the book, the 
float-charge voltage should be 2.25 V. 
For a 12-V battery that works out at 
about 13.5 V. 

As shown — in 
Figure 1, the charge 


D3 ... D8, D10 = 1N4148 990037 - 12 


time may be reduced by a few hours 
by using the higher charging voltage of 
2.45 V. The float-charge voltage 
(phase 3) remains the same, however, 
at 2.25 V (typically) and may be 
applied for years on end if necessary, 
which makes the SLA ideal for standby 
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Table 1. Max. cell voltage selection 
2.30-2,.35V per cell 


ambient temperature > 30°C. 


readings. 


use! 

Remember that the above is the 
algorithm, ie., a theoretical construct 
suggested by the battery industry. In 
practice, SLA batteries are so resilient 
and easy-going that a multistage 
charger with a built-in timer is rarely 
used, 


PRACTICAL CHARGER 
CIRCUIT 
The circuit diagram in Figure 2 shows 
an old faithful, the L200 voltage regu- 
lator. No boos and catealls we reckon 
— this device was chosen because it is 
cheap, easy to use and widely avail- 
able. Although the five diodes inserted 
in its ground line introduce a voltage 
drop of about 3.5 V, they have in prin- 
ciple nothing to do with the output 
voltage or current regulation — their 
purpose is to match the temperature 
coefficient of the charger (-3.85 mV/°C) 
to that of a typical SLA battery, This 
means that you can safely use the 
charger at any ambient temperature 
allowed for the battery (typically -20°C 
to +40°C; check manufacturer’s specs). 
There’s another Easter egg: the diodes 
protect the L200 against reverse-polar- 
ized voltages at the output. Still, don’t 
try this at home, 

Initially, the battery is charged with 
a current of about 0,2 C. This current is 
determined by the value of R6, see 
Table 2. The resulting voltage drop on 
Rd is enough to fully open transistor 
Tl. A power transistor is used here 
because nearly all of the charge current 
flows through the base-emitter junc- 
tion (the BD711 is specified at max. 3 A 
in this respect) LED D2 lights as result 
of the current flow through T1. The 
(small) current through R3 causes the 
output voltage to rise by 0.6 V (12-V 


Table 2. Component values 
Component 6-volt SLA battery 


Longest service life, SLA remains cool 
during charge; charging allowed at 


Long charge period. Sulfation may 
occur if no periodic topping charge is 
applied. Low, inconsistent capacity 


2.40-2.45V per cell 


Reduced charge time, smaller risk of 
damage owing to undercharge. Higher 
and consistent capacity readings. 


Higher battery temperature during 
charging may reduce battery life. 
Overcharging may occur owing to cell 
voltage limit never reached. 


configuration) or 0.3 V (6-V configura- 
tion). 

The actual charge process differs 
from the theoretical one in a number of 
respects. Initially, the battery is 
‘pumped’ using a constant current of 
0.2-0,5 C and the ‘low’ cell voltage of 
2.30 V (i.e., a battery voltage of 13.8 V 
or 6.9 V). A flat battery will draw 
enough current (but never more than 
determined by R6) to make the L200 
supply its ‘elevated’ output voltage of 
2.45 V per cell. This will happen so 
quickly as to create the impression that 
the charger supplies 2.45 V/cell straight 
away. Normally, the charging current 
resulting from (1) the empty battery 
and (2) the elevated cell voltage will be 
so high as to cause the L200 to go into 
current-limiting (using R6) and keep 
functioning like that for several hours 
on end. As the battery gradually 
accepts the charging energy, its cell 
voltage rises to the charging level of 
2.3 V/cell or 2.45 V/cell. The charging 
current then drops because the battery 
can not accept more current. However, 
there is sufficient current flow to keep 
T1 conductive (via R4) and so maintain 
the elevated charging voltage. 

Ata certain point, the charging cur- 
rent will have dropped to a value of 
about 0.02 C. The battery is then con- 
sidered ‘full’. With Tl being turned off 
by R4, the L200 switches to the lower 
cell voltage of about 2.3 V/cell which 
serves as the ‘float charge’ voltage. The 
present charger is ‘intelligent’ in as far 
as it does not produce the elevated 
charging voltage any longer than 
strictly necessary. Also, in standby use, 
the battery is automatically switched to 
‘rapid’ charging when a large amount 
of current is consumed by the load. 

If no voltage is applied to the 


12-volt SLA battery 


[R7 | Wire link 


Rd 6.8 kQ 
R6 0.45x/ [ohms] 


0.45x7 [ohms] 


R4 


0.5/0.02 C [ohms] 


0.5/0.02 C [ohms] 


/ = initial charging current 


C = nominal capacity of battery (Ah specification) 


Determines maximum charging current only. / = 0.2 C to 0.5. C 


Determines threshold for cell voltage reduction to 2.3 V and standby charging 
current. Select nearest E12 value, target standby current is 0.02 C 


charger input, a battery left connected 
to the output will discharge across the 
same output. Thanks to diode D9, the 
discharge current is limited to about 
1 mA plus the current through low- 
current LED D11 (approx. 2.5 mA), No 
cause for alarm! 

SLA batteries being allergic to large 
ripple voltage levels, the circuit has 
been extended with a large reservoir 
capacitor, Cl. A much smaller capaci- 
tor, C3, has been added to keep the 
L200 unconditionally stable. 


INPUT VOLTAGE TO 
THE CHARGER 

Unless you are using high-capacity 
SLA batteries (C>10 Ah) a mains adap- 
tor with de output is recommended as 
the input voltage source. With safety 
and cost in mind, this is an obvious 
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choice. The power rating, of the adap- 
tor depends on the capacity of the bat- 
tery and the patience you can put up 
for a complete charging cycle. Typ 
cally, a mains adaptor set to 12V will 
easily supply 17 V to light loads, and 
that is just about sufficient for the pre- 
sent circuit. Do check however that this 
voltage does not drop below 17 V 
when a current of 0.2 C is drawn. For 
e using a 12-V 4-Ah 


example, if you ar 
nt is of the 


SLA, the initial charge curre 
order of 0.8 A, 50 a fairly hefty mains 
adaptor will be required. By the way, 
there is no objection against charging 
with a lower current. Indeed, while the 
charge process will simply take longer, 
the benefit is that you may get away 
with the use ofa medium-power (500- 
mA) mains adaptor! 

For all cases where a mains adaptor 
falls short of output voltage and current, 
we recommend the use of a regulated 
power supply set to 18 V or sO- Failing 
this, build a dedicated PSU consisting of 


a mains transformer with a 15-V sec- 


_— that it is roughly \7V 
;' (or 1 yV if the charget is dimensioned 
ondary rated at for 6-V batteries). At room temperature 
1.4 times the maximum required cur- (20-25°C), adjust P1 for an output volt- 
rent, a bridge rectifier and a smoothing, age of 13.8 V (12-V charger) oF 69 V (6- 
a capacitance of about V charger). Use a short piece of wire to 
2200 uF per ampere. Observe safety Te5- temporarily short-circuit the © 
ulations for all wiring and connections emitter junction of T1. The output volt- 
at mains voltage! age should rise to 14.4 V (12- ) charger) 
; or7.2V (6-V charger). A tolerance of 
+0.1 Vis acceptable here. If the voltage 
is much too high, increase the value of 
R3. The converse applies if the voltage 
«< much too low. 


capacitor with 


CONSTRUCTION 

The charger is built on the compact 

PCB shown in Figure 3. This board 1s 

easily fitted in a small diecast enclosure 

that also acts as the heatsink for Icl. 

The L200 must be fitted with an insu- 

lating set (mica washer and a plastic 

mounting, bush). A suggested front » Observe the battery polarity 

panel layout is shown in Figure 4. » Connect the battery to the charger 
> Check that D11 lights 


ApJUSTMENT Apply the input ¥ 
charger 


Do not yet connect a battery to the out- 
put. Apply the input voltage and check yants7-I 


PRACTICAL USE 
Make a habit of following this order: 


oltage fo the 
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AUDIO & HI-FI 


The fifth and final part of the article in a forth- 
coming issue will deal with the temperature 
control, bridge configuration and some other 
practical hints. 


WIRING UP 
How the various board, power sup- 
plies, controls and terminals are com- 
bined into an effective and interfer- 
ence-free unit is shown in Figure 16. 
As already mentioned in Part 2, all 
wiring carrying the main supply volt- 
age (+70 V) must be insulated, high- 
current wire to BS6321 with a conduc- 
tor size of 50/0.25 (2.5 mm2). This wire 
should also be used to link the output 


: Design by T. Giesberts 
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Titan 2000 


_ Part 4: wiring and performance 


terminals of the power transistors and 
the loudspeaker terminals. Any wiring 
between smoothing capacitors and 
the board should not exceed 15 cm 
and be preferably much shorter. This 
kind of wire is best terminated into 
car-type connectors. 

Other wiring may be made in 
light-duty, stranded, insulated hook- 
up wire. It is advisable (and may 
prove to be very helpful in case of 
problems) to use wire with different 
colour insulation for dissimilar func- 
tions. 

The connections between the input 
socket and board must, of course, be 
in screened audio cable. To avoid 
earth loops, the socket should be iso- 
lated from a metal enclosure. Bear in 
mind that the supply earth and the 
enclosure are linked by metal spacers 
between the two ‘0’ terminals and the 
heat sink. It is, therefore, essential that 
the heat sink is firmly strapped to the 
metal enclosure. 
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The on/off indicator, the functional 
indicators, and the mains on/off 
switch should, of course, be fitted on 
the front panel of the enclosure. The 
mains on/off switch must be a 10 A or 
15 A type. 

If the output power of the ampli- 
fier is limited to no more than 500 W, 
in which case the enclosure does not 
need fan cooling, the heat sink may 
be mounted at the outside of the 
enclosure or even form the sidewall 
or back of a home-made enclosure. 

For greater output powers, cooling 
fans with relevant apertures at the 
front and back of the enclosure are a 
must. The heat sink must then be 
located in the enclosure in such a 
position that it is directly between the 
two fans, ensuring a continuous sup- 
ply of cooling air. 


PERFORMANCE 

The specification and associated com- 
ments in the box cannot, of course, 
give a full impression of the perfor- 
mance of the amplifier. It is a well- 
known fact that amplifiers with an 
almost identical specification, and 
using identical loudspeakers, can 
sound quite different. 

Particularly at low frequencies, the 
amplifier maintains good control over 
the loudspeaker, which results in a 
clean fast (i.e., taut over the whole 
audio range) sound, totally lacking in 
reverberation. High and medium fre- 
quencies were also reproduced with 
excellent definition and without any 
trace of tizziness, 

The overall impression is that the 
amplifier has plenty of reserve and is 
not strained in any circumstances. 

In next month’s final instalment, 
the temperature control and possible 
bridge configuration will be dis- 
cussed. 

[990001-3) 
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Technical specifications 


(Supply voltage = +70 V; quiescent current = 200-400 mA) 


Input sensitivity 1.1Vems. 
Input impedance 47.5 kQ 
Sine-wave power output (0.1% THD) 280 W into 8 Q; 500 W into 4 Q; 800 W into 2 2 
Music power* (1% THD) 300 W into 8 Q; 550 W into 4 Q; 1000 W into 2 Q 
Slew limiting 85 Vus-? 
Open-loop bandwidth 53 kHz 
Open-loop amplification x 8600 
Power bandwidth 1.5 Hz — 220 kHz 
Signal-to-noise ratio (1 W into 8 Q) 101 dB (A-weighted); 97 dB (B = 22 kHz) 
Damping factor (at 8 Q) >700 (1 kHz); >300 (20 kHz) 
Output impedance 1.60 
Harmonic distortion (THD) (B = 80 kHz) 8Q 4Q 2Q 
at 1 kHz 0.003% (1 W) 0.0046% (1 W) 0.01% (1 W) 
0.005% (200 W) 0.0084% (400 W) 0.02% (700 W) 
at 20 kHz 0.009% (200 W) 0.018% (400 W) 0.07% (700 W) 
Intermodulation distortion (IM) 
(50 Hz:7 kHz = 4.1) 0.004% (1 W) 0.01% (1 W) 0.034% (1 W 
0.016% (150 W) 0.025% (300W) 0.07% (500 W) 
Dynamic IM 
(square wave 3.15 kHz with sine wave 15 kHz) 0.003% (1 W) 0.0036% (1W) 0,0055% (1 W) 
0.003% (200 W) 0.005% (400 W) 0.0085% (700 W) 


*See Part 1 about the validity of this meaningless quantity. 


The specified figures were measured after the amplifier 
had been switched on for two hours. The figure show that 
the Titan 2000 compares favourably with most amplifiers. 
The slew limiting is a measure of the speed of the ampli- 
fier, which is exceptionally good in the Titan 2000. 

Figure A shows the total harmonic distortion plus noise 
(THD+N) for an output of 1 W into 8 Q (lower curve) and 
for 200 W into 8 Q. The latter figure corresponds with 70% 
of the peak sine wave power and the curve shows that the 
distortion increases clearly only above 10 kHz. 

Figure B shows the THD+N at 1 kHz as a function of the 
drive with an output impedance of 8 Q. The curve is pur- 


posely drawn for a bandwidth of 22 kHz so that the noise 
above 20 kHz does not degrade the performance of the 
amplifier. From about 2 W, the distortion increases slightly 
with increasing drive, which is normal in most amplifiers. 
Figure C shows the peak output of the amplifier at a con- 
stant distortion of 0.1% and a load of 4 Q (upper curve) and 
8 Q. The bandwidth was 80 kHz. 

Figure D shows a Fourier analysis of a reproduced 1 kHz 
signal at a level of 7 W into 8 Q. It will be seen that the 2nd 
harmonics are down just about 100 dB, while the 3rd har- 
monics are down to -114 dB. Higher harmonics lie below 
the noise floor of -130 dB. 
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measurement values on monitor, TV or PC 


| 6 oS. 
Windows 98 
Tips & Tricks 


Digital voltmeters are popular tools for anyone wish- 
ing to measure electrical voltages. The circuit 
described here is, we feel, unique because of its 
combined features. The DVM has two outputs, one 
serial and one for direct connection of a TV or a 
monitor. 


Design boy A. Ieicceri Bitti 


video DVM 


measurement values on monitor, TV or PC 


Name a few of 
the most useful 

characteristics of 
microcontrollers and you 
will probably come up with 
measurement, control, display 
and connectivity. Add the latest RISC 
technology with a very short instruction 
cycle time (that allows even a video 
signal to be generated in real time) 
and the capability to be Flash pro- 
grammed without costly equipment 
and — voila — you have the Video- 
DVM, a cheap, funny, giant-size display 
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voltmeter 

with built in 
serial inter- 
face! 

The Video- 
DVM displays 

voltages on your 
TV screen, both with 
giant digits and analogue-bar; records 
maximum and minimum peak; it also 


sends measured data to a personal 
computer through a serial interface. Its 
block diagram is shown in Figure 1. 
Here are its main features: 


¥ An analogue input capable to mea- 
sure voltages in the range 0 to 
4.096 V; 

/ Avideo display output capable to 
direct drive any ordinary TV set via 
the SCART (VCR) input; 

Y Aserial data output, to log data on 
a personal computer; 

Y Needs only a single +5V, 15 mA typ. 
supply. 


With its big on-screen display, the Video- 
DVM is great to show to a large audi- 
ence practically anything that can be 
converted to volts, from temperature in 
a serious physics experiment in the 
classroom to a fove-mefer for a party. 

But the Video-DVM is a lot more than 
a funny toy. It is really cheap and easy j 
to modify to suit your needs, letting 
everyone to experiment with video sig- 
nals and data display, The programming 
itself meets the severe constraints of real 
time direct video synthesis, digital con- 
version, serial data timing, andreduced | 
code size. The analogue fo digital con- 
verter can be easily connected to a 
variety of sensors, or can be replaced 
with new code to display time or count 
pulses. Last but not least, thanks to its ser- 
ial datastream the Video-DVM can also 
be used as a simple data logget. 

All the hard work of interrupt-driven 
Tv/monitor picture generation, serial 
data routines, ADC converter driving, 
etc. is ready-programmed, enabling 
anyone to modify the code in small 
steps to suit any specific need or bril- 
liant idea. 

In other words, building the Video- 


PC Forics 


DVM can be very instructive, a major 
characteristic in this day and age of 
hyper-specialized !Cs that leave almost 
nothing to fantasy and exploration. 


The hardware circuit 


As you can see from the circuit dia- 
gram in Figure 2, the circuit is built 
around the new Atmel's AVR 90S1200 
microcontroller and Maxim's MAX192 
analogue to digital converter (ADC). 

Despite to its 16-MHz clock, Flash 
program memory and internal EEP- 
ROM, the AVR is relatively cheap, and 
therefore ideally suited for hobbyists. 
What's more, all the software needed 
(including a powerful simulator) is avail- 
able for free from Atmel's web site at 
www.atmel.com. 

The chip can be reprogrammed at 
least 1,000 times in a flash, using one 
of the many programmers already 
available (some are advertised on Elek- 
tor’s pages). The detailed flash pro- 
gramming protocol is available on the 
web site, too, 

The chip has 32 bytes of RAM, 
64 bytes of EEPROM, 512 words of pro- 
gram memory and an 8 bit timer. The 
instruction set is concise and very well 
balanced, and thanks to an Harvard 
RISC architecture even a complex task 
like the one described here is accom- 
plished using no more than about 400 
instructions. 

The instruction cycle time is very 
short, enabling video signals to be built 
by software. 

A simple two-bit asymmetrical DAC 
built around three resistors supplies the 
composite video signal at a standard 
level of 1 Vpp to the input of any TV set 
with a SCART connector or an AV (VCR) 
input. The serial datastream (ASCII data 
at 1200 baud, no parity, 8 data bits, 1 
stop bif) is also generated by software. 
The level is TTL: most personal comput- 
ers work with TTL levels as well as with 
standard RS$232 levels, provided that 
the connecting cable is not too long. 
Because of this | thought a voltage 
converter like the MAX232 not neces- 
sary. If you want, you can add it exter- 
nally; in that case you must invert the 
polarity, inverting the ‘set bit’ and ‘clear 
bit’ instructions in the code (the position 
is clearly marked in the listing). 

All input pins have internal pullups 
and high current sink capacity, so the 
‘max-min clear’ button and the three 
decimal point selection DIP switches or 
jumpers may be connected directly 
between the pins and ground. 

An LED, flashing each time a mea- 
surement is completed, is connected to 
an output pin. 
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Figure 1, Bock diagram of the digital voltmeter with serial and video output. 


The ADC concept 


The voltage is read using a 10-bit serial 
ADC converter type MAX192ACPP with 
its own voltage reference set at 4.096 V, 
Technical details on this interesting chip 


may be found on the Datasheets in the 
April 1999 issue of Elekfor Electronics. 
Four I/O lines are needed for data 
transfers (Data input, Data output, Chip 
enable, Serial clock). Even if it is speci- 
fied for 10 bits, the ADC supplies two 


Figure 2. From theory to practice: a microcontroller and an A-D converter. 
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Figure 3, Printed circuit board design (board available ready-made). 


COMPONENTS LIST | 


Resistors: 
R1 = 4700 
R2,A5 = 10kQ 
R38 = 5kQ6 
R4 =1kQ2 
R6 = 12kQ 
R7 = 8kQ2 


Capacitors: 

C1 = 10nF, ceramic 
C2,C4-C7,C9 = 100nF, ceramic 
C3 = 4uF7 16V. radial 

C8 = 100uF 25V radial 


more ‘sub LSB’ bits: this means that 
12 bits are effectively read from the 
ADC, although only 10 bits have the 
guaranteed precision. Nonetheless, | 
found these two extra bits very precise. 
All 12 bits are shown on the display, 
covering the range from 0.000 to 
4.095 volts with direct reading in milli- 
volts. Only one of the eight inputs avail- 
able on the MAX192 is used, but the 
software driver is prepared to read any 
input you want. With minor changes, 
you can set up the Video-DVM to mea- 
sure four voltages; three with digital dis- 
play and one as an analogue bar. 


Direct video synthesis. 


From the hardware point of view, the 
hardware involved in video synthesis is 
exceptionally simple: two output pins 
and three resistors, allowing for four sig- 
nal levels to be generated (sync, black, 
white, light grey). From the software 
point of view, video synthesis requires a 
very fast instruction cycle (here, 62.5 ns) 
and a carefully timed, instruction-bal- 
anced, tweaked and manually opti- 
mised code. 

In order to achieve proper genera- 
tion of the complex video signal, a 
robust timing system is absolutely nec- 
essary. Even a single 16-MHz clock 
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C10,C11 = 22pF 
12,013 = 10yuF 16V radial 


Semiconductors: 
Dt = 1N4148 


_ D2 = LED, high efficiency 


D3 = 1N4001 
D4 = 5V1.400mW zener diode 


T1 = BCS550C 


IG1-= MAX192ACPP 


1G2 = AVR9OS1200-16PC (order code ) 


1C3 = 7805 


Miscellaneous: 
$1 = pushbutton, 1 make contact 


cycle (62.5 ns} delay is clearly visible 
on the display, so you have to think 
twice before putting down even a sin- 
gle instruction. 

First of all, we have to choose a suit- 
able timebase: choosing the raster line 
duration (64 us) as time base let us to 
build the entire frame a line after 
another (the non-interlaced frame con- 
sists of 312 lines), as well as placing 
easily the horizontal sync pulse (a few 
microseconds at start of each video 
line) and the vertical pulse (a few lines 
at start of each frame). 

The only timer available on the 
micro is capable of generating repeti- 
tive interrupts every 16 us without the 
need of reloading; that is, four interrupts 
for every raster line. 

At each fourth interrupt we make a 
new video line: to do this, each time the 
interrupt routine is executed, a counter 
is incremented and every four interrupts 
we are (almost) at the start of a new line. 
“Almost”, because we have fo account 
for the time needed to service the inter- 
rupt routine upon interrupt request. This 
time is not constant, depending on the 
instruction being executed at the time of 
the interrupt generation. Some instruc- 
tions have a longer execution time than 
others, so the interrupt service time can 
vary in an unpredictable way, distorting 
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$2 = 3-way or 4-way DIP switch 

X1 = 16MHz quartz crystal 

Ki = 2-way PCB terminal block, raster 
5mm 

K2 = 9-way sub-D socket (female), angled 
pins, PCB mount 

PCB, order code 992024-1 


The.CD-ROM ‘uP/yC hard & software 
97/98" (ISBN 90 5381-086-2) available from 
the Publishers contains the complete 
source code listing for this project. The file 
location is /Gb/03._ 


the display. 

The best workaround | found for the 
problem is to put the micro in sleep 
mode just before the fourth, critical 
interruption occurs: the next interrupt 
will then wake up the micro with con- 
stant, known timing. 

The two output pins are labelled 
CsyncBit (composite sync) and Video- 
Bit. Pulling both Csync and VideoBit to 
logic-low, the video signal is at 0 volts 
(sync level). With only CsyncBit high, we 
get the black level; with both CsyncBit 
and VideoBit high, we get a white dis- 
play. 

Not surprisingly, all the video gener- 
ation is based on the timer interrupt rou- 
tine. Every fourth interrupt a new line is 
started with the sync pulse; then the 
repetitive timekeeping (counting of 
lines, serial communications) routines 
are executed. All this work is done so 
quickly that we have to add a delay 
loop to wait for the start of the visible 
portion of the video line. 

At this point, a multiple jump struc- 
ture is executed to determine what kind 
of line we are at. The jumps are based 
on line number (vertical position), so 
that the micro can decide if the current 
line will show the current voltage [in 
which case the character display rou- 
tine is called), or the analogue bar (bar 
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routine or bar 

ruler routines), or small numbers 

showing the peak values (character 

display routines with reduced size para- 
meter). 

Of course, there is also a routine for 
blank lines in between. For blank lines, 
the interrupt routine simply ends, return- 
ing control to the main program. For 
display lines, the control is not returned 
until the entire line has been drawn with 
the appropriate graphics. For vertical 
retrace lines, the display is blanked 
and the sync polarity inverted. 

At the end of display lines, or shortly 
after the third interrupt, the micro is 
‘frozen’ using the sleep instruction, wait- 
ing for the fourth, time-critical interrupt. 

During the ‘timekeeping’ interval at 
the start of each video line the serial 
data is output; with no more hardware 
timers available, the serial port is made 
in software. Every 13 horizontal lines a 
new bit is transmitted, achieving a 
baud rate of 1200: this is perfectly ade- 
quate given the small amount of data 
we have. 

Data is sent as an ASCII string, termi- 
nated by a <CR> (ASCII 13) character. 
You can use a QBasic program, or any 
terminal program (like HyperTerminal 
supplied with Windows 95 or Terminal 
supplied with Windows 3.11) to collect 
the data. 

All the video generation routines are 
carefully hand-tuned. Do not remove 
the NOPs from code, they are here to 
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balance execution times! When 
executing branches, execution 
times associated with every pos- 
sible path must be care- 
fully considered. Fortu- 
nately for you, all the 
code needed to handle 
the video signal is ready 
made and works by 
itself under interrupt 
control. 
Feel free to modify or 
add code to the main 
program to. suit your 
requirements. Even the mul- 
tiple jump structure that 
selects the display con- 
tents is not too difficult to 
understand, so you can 
easy build hundreds of 
different displays, with 
characters of any size or 
with multiple analogue 
bars. 

All routines and vari- 
ables have _ long 
names which should 
be self-explanatory. 

The code is heavily 
commented. Please remember that only 
one subroutine call is allowed at a time. 


Custom fonts 


You can redefine fonts to any shape 
you like; this is particularly useful for the 
measurement unit. instead of the volt 
symbol (V) you can display any other 
letter or shape that fits in a 8x5 pixel 
matrix. Font shapes are stored in EEP- 
ROM according to the definition file 
FONTS.INC. The file is automatically 
included during assembly and results 
are compiled to VIDEODVM.EEP; do not 
forget to separately program the EEP- 
ROM once you have programmed the 
FLASH part. 

Fonts are stored rotated 90 degrees 
clockwise, into 5 successive bytes. 


Building the circuit 


All the components used are cheap 
and easy to find. The MAX192 has 
equivalents with the same data proto- 
col with different resolutions. 

If your ordinary distributor does not 
have the Atmel AT90S1200-16PC yet, 
because this component is relatively 
new, it can be requested af a number 
of Elektor’s advertisers who also sell pro- 
grammers for the Atmel flash micros. 

The copper track layout and com- 
ponent mounting plan are shown in 
Figure 3. The link to the computer is 
made via a standard 9-way sub-D con- 
nector. 


———— 


Elektor Electronics EXTRA 


Very likely you will have your pre- 
ferred sensorware connected to the 
inputs: be sure that the range never 
exceed 4.096 V or goes below 0 V, 
placing a series resistor (about 1k) and 
crowbar diodes if that range can be 
exceeded. 

Once powered up, the flashing LED 
will tell you that the microcontroller is 
working just fine. The LED flashes once 
per conversion. 

Now is the time to connect the 
Video-DVM to the TV set: for TVs 
equipped with a SCART connector the 
pins for video input are 20 (video) and 
17 (ground). The TV must be discon- 
nected from the mains while you insert 
the SCART plug. 

Switch the TV to AV input mode using 

the remote control: older TV sets may 
not have this capability, in that case the 
AV input selection can be forced by 
pulling up the SCART pin 8: simply install 
a 1-kQ series resistor from the pin to 
+5-12V. 
You can now fit the jumpers for the 
selection of the decimal point position 
(Table 1), play around with various volt- 
ages to the ADC, verify the effect of the 
max-min clear button, or simply admire 
your new electronic toy for a while. 

The last step is to connect the per- 
sonal computer. Start the Terminal pro- 
gram in the Accessories folder (Win- 
dows 3.11) or the Hyperterminal utility 
(Windows 95). Set the connection to 
1200 baud, no parity, 8 data bits, one 
stop bit (1200,n,8,1). The standard 
measurement range is from 0 up to 
4.095 V. If a larger range is required, an 
attenuator should be added. One solu- 
tion that comes to mind is to fit a resis- 
tor in parallel with C1. When higher 
input voltages are used, however, there 
is a real risk of the input of the MAX192 
being damaged by wrong connec- 
tions. In that case, the preventive mea- 
sure is to fit a 5.1-volt zener diode 
across C1 and the resistor. A measure- 
ment range of 0 to 10 V is created, for 
example, by fitting a 6.9-kQ resistance 
(5.6 kQ fixed resistor plus 2.2 kQ preset) 
across Cl. 


(PSYD24-1) 


Tabie 1. : 
DIP switch settings (S2) 


2 display 
OFF XXX.X 
OFF XX.XX 
ON X.XXX 
ON XXKX 
OFF XX, XX 
OFF X.XXX 
ON XXKX 
ON XXXX 
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This month we present a first selection of tips, trick, 
hints and kinks for advanced as well as novice users 
of the Windows 98 operating system. Take your pick! 


By Kris Jearmsaa, Pri. Lo... MBA 


TIP: 


A Faster Way 
to Restart Windows 98 


When you select the Shut Down option, 
Windows 98 will display the Shut Down 
Windows dialog box, as shown in 
Figure 1, that you can use fo shut 
down or restart your system. 

Usually, when you select the Shut Down 
menu Restart option, Windows 98 will 
first reboot your computer and will 
then restart Windows 98. If, for exam- 
ple, you are restarting your system 
because you have installed new soft- 
ware, you can speed up the restart 
process by directing Windows 98 to 
restart itself without rebooting your PC. 
To restart only Windows 98 (without 
rebooting the PC), select the Start 
menu Shut Down option. Windows 98, 
in turn, will display its Shut Down 
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Figure 1. The Shut Down Windows dialog 
box, 


Windows dialog box. Within the Shut 
Down Windows dialog box, click your 
mouse on the Restart option. Next, 
hold down the Snirt key as you click 
your mouse on the OK button. 


Ending an Application Using 
a Local Reboot Operation 


As you run programs within Windows 
98, there will be times when a program 


These tips were originally published in 
“1001 Windows 98 Tips” by Kris 
Jamsa, Jamsa Press, ISBN 1-884133- 
61-4, We are grateful to Jamsa 
Press for their permission to repro- 
duce selected tips in this article. 


simply won't run or when the program 
stops working (users describe this as 
“the program hangs” or the “program 
is hung"). If you think that a program is 
no longer working, try to end the pro- 
gram using “File, Exit” or “Close”. 

If you cannot end the program using 
normal steps, Windows 98 may be 
able to shut down by performing a 


Figure 2. The Close Program dialog box. 


“local reboot” of a specific program 
window. When you direct Windows 98 
to perform a local reboot, Windows 98 
will shut down only the program you 
select, and not the entire computer. To 
perform a local reboot within Windows 
98, perform these steps: 
1. Press the Crri-Aur-DeL keyboard com- 
bination by first holding down the 
Cir. key, and then pressing down 
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Keyboard Combination 
WIN+R 


WIN+M 
SHirt+WIN+M 


Description 

Displays the Start menu’s Run dialog box 
Minimizes all open windows 

Reverses a minimize all open windows opera- 


tion by restoring all minimized windows to their 
original state 


Cre.+WiIN+V 


Surt+WiIN+ V 
WIN+F1 
WIN+E 
Cre.+WIN+F 
WIN +Tas 

WIN + Break 


Increases the speaker volume 

Decreases the speaker volume 

Starts the Windows 98 online help 

Starts Explorer 

Finds files and folders 

Cycles through Taskbar buttons 

Displays the System Properties dialog box 


Table 1. The Microsoft keyboard Windows-key shortcuts. 


the Ait key, followed by the Det (or 
Detete) key. Windows 98, in turn, will 
display the Close Program dialog 
box, as shown in Figure 2. Usually, 
the name of the program you want 
Windows 98 to end will appear at 
the top of the list of program names 
within the Close Program dialog 
box. 

2. Within the Close Program dialog 
box, click your mouse on the name 
of the program you want to end. 
Windows 98, in turn, will highlight 
the program name. 

3. Within the Close Program dialog 
box, click your mouse on the End 
Task button to close the program. 

Note: In some cases, Windows 98 may 

have trouble ending the program on 

its first try, and you may need to repeat 
these steps several times to end the 
program. Use a local reboot as a “last 
resort” to end a program. In most 
cases, after you end a program using 

a local reboot, you will lose any work 

you had performed within the pro- 

gram, but not yet saved. 


Using Suirt-De 
to Delete a File and 
Bypass the Recycle Bin 


When you delete a file within Windows 
98 (unless you delete the file from 
within an MS-DOS window), Windows 
98 moves the file into the Recycle Bin, 
which provides you with the ability to 
later undelete the file. As you delete 
files, there will be times when you are 
sure you will never need a particular 
file’s contents again, so there is no 
reason for Windows 98 to move the 
file to the Recycle Bin. In such cases, 
you can direct Windows 98 to delete 
the file from your system (and not use 
the Recycle Bin) by holding down 
your keyboard Suirt key when you 
delete the file (which you can do 
either by pressing the Det key or by 
clicking your mouse on an Explorer 
Delete button). 
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Shortcut Keys 
for the Microsoft Keyboard 


If you are using a Microsoft keyboard 
or a keyboard that contains a 
Windows key, you can press that key to 
activate the Windows 98 Start menu. In 
addition, you can use the Windows 
key with the keyboard combinations 
Table 1 lists to perform other common 
operations. 


Using the Explorer to Display 
Audio File Details 


Audio files may differ in quality based 
on whether they use 8-bit or 16-bit 
quality, a high or low sampling rate, 
and whether they are stereo or monot- 
one files, Using the Explorer, you can 
display specifics about an audio file, 
as shown in Figure 3a. 

To display specifics about an audio 

file, perform these steps: 

1. Within the Explorer, right-click your 
mouse on the audio file you desire. 
Windows 98, in turn, will display a 
pop-up menu. 

2. Within the pop-up menu, click your 
mouse on the Properties option. 


Ding wav Properties 


Figure 3a. Using the Explorer to dispiay 
specifics about an audio file. 


ann 


Windows 98 will display the audio 
file's Properties dialog box General 
sheet. 

3. Within the Properties dialog box, 
click your mouse on the Details tab. 
Windows 98, in turn, will display the 
Details sheet which contains 
specifics about the audio file. 

4. lf you want to preview (hear) the cur- 
rent audio file, click your mouse on 
the Preview tab. Windows 98 will 
display the Preview sheet, as shown 
in Figure 3b. 
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Figure 3b. Previewing an audio file, 


Using the Windows Explorer 
to Display 
a Video File’s Properties 


Using the Windows 98 Media Player 
accessory you can play back video 
files within a window. Depending on 
the video's quality, the size of one 
video’s window or the number of 
frames the video displays per second 
may differ from a second video. Using 
the Windows 98 Explorer, however, you 
can display specifics about a video 
file by performing these steps: 

1. Within the Explorer, right-click your 
mouse on the video file you desire. 
Windows 98, in turn, will display a 
pop-up menu. 

2. Within the pop-up menu, click your 
mouse on the Properties option, 
Windows 98 will display the audio 
file's Properties dialog box General 
sheet. 

3. Within the Properties dialog box, 
click your mouse on the Details tab. 
Windows 98, in turn, will display the 
Details sheet which contains 
specifics about the video file as 
shown in Figure 4a, 

4. If you want to preview the video file, 
click your mouse on the Preview 
tab. Windows 98 will dispiay the 
Preview sheet, as shown in 
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[File.avi Proper 


Figure 4a. Displaying specifics about a 
video file. 


Figure 4b, Previewing a video file within 
the Explorer. 


Figure 4b. 
5. Within the Preview sheet, click your 
mouse on the Play button. 


Network Protocols are 
Simply Rules Programs Must 
Follow to Communicate 
Over a Network 


Networks let users share files and print- 
ers and exchange information using 
electronic mail. To perform such tasks, 
computers within the network must 
communicate with each other. For 
example, for one PC to copy a file 
from another PC across the network, 
the client PC must first tell the server 
the name of the file it wants to copy. 
Then, the server must send the file to 
the client, which requires additional 
communication. In general, the client 
will say “Ok, I'm ready, send me some 
data.” The server, in turn, will say “Ok, 
here comes 500 bytes.” After the client 
receives the data, it will tell the server 
“Ok, got it. Send me some more.” By 
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communicating in this fashion, the two 
PCs can exchange information across 
the network. 

As you may have guessed, depending 
on the operation the two PCs are per- 
forming across the network, the mes- 
sages they must exchange may 
become quite complex. As the pro- 
grams exchange messages with one 
another, they follow a specific set of 
rules, or protocols. 

In short, a network protocol might 
specify how fast the PCs exchange 
information or which PC goes first or 
second. When programmers create 
network software, they must follow the 
protocols to define their program's 
behavior. For example, when you surf 
the Web, your browser uses the hyper- 
text transport protocol (HTTP) to request 
information from a Web = server. 
Likewise, to download information 
from across the Web, you might use 
the file transport protocol (FTP). In each 
case, the protocol defines the rules the 
programs follow to communicate. 
Across the Internet, most programs 
make extensive use of TCP/IP the 
Transmission Control Protocol/Internet 
Protocol. Before you can use pro- 
grams, such as your browser or chat 
program on the Internet, you must first 
install TCP/IP support within Windows. 
98. To add software support for a spe- 
cific network protocol, such as TCP/IP 
you will select the Protocol option from 
within the Select Network Component 
Type dialog box, shown in Figure 5, 
and then you will click your mouse on 
the Add button. 


Figure 5. The Select Network 
Component Type dialog box. 


The NetBEUI Protocol Lets 
Windows 98 Communicate 
with 

Windows for Workgroups 


Within a PC network, some PCs may be 
running Windows NT, some Windows 98 
or Windows 95, and some older PCs 
may be running Windows _ for 
Workgroups. To let such PCs communi- 
cate across a network, network 
administrators must install a myriad of 
network software programs. As you 
configure Windows 98 network settings, 
you may encounter the term NefBEU!, 


which stands for Networking BIOS 
Extended User Interface protocol, The 
NetBEUI protocol lets Windows 98 
clients and servers communicate with 
network computers running Microsoft 
Windows for Workgroups, Windows NT, 
and Microsoft LAN Manager. For exam- 
ple, Figure 6 shows the Select Network 
Protocol dialog box. As you can see, 
the NefBEUI protocol appears within the 
list of protocols Microsoft provides. 
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Figure 6. The NetBEU! protocol lets 
Windows 98 communicate with servers 
running Windows for Workgroups, 
Windows NIT, or the Microsoft LAN 
Manager. 


Understanding NDIS and 
ODI Network Standards 


Just as there are many different PC, 
modem, and printer manufacturers, 
there are an equally large number of 
companies creating network cards 
and writing network software. Because 
such cards and software must work 
within a network which may use other 
manufacturer's cards and software, 
network hardware and software devel- 
opers must follow a set of industry stan- 
dards when they create a new device 
or write new programs. One such stan- 
dard is the Network Driver Interface 
Standard, or NDIS, which defines how 
an operating system, such as Windows 
98, will interact with a network device 
driver (the software that lets the oper- 
ating system use the network card). 
Because Windows 98 complies with 
NDIS, you can use an NDIS-compliant 
network card within Windows 98. In a 
similar way, the Open Datalink 
Interface, or ODI, is a network stan- 
dard developed by Novell and Apple. 
As you shop for network cards and 
software, make sure the card or soft- 
ware is compliant with the latest net- 
work standards. You will not select an 
ODI or NDIS option as you configure 
Windows 98 network operations. NDIS 
and ODI are standards your hardware 
and software developers follow so that 
Windows 98 can later interact with 
your network device. 


The basic principles of video processing with a PC were 
explained in the first part of this article. In this part, we 
look at how to go about editing a video clip using the 
PC, and we describe the features of inexpensive video 
editing systems. In this case we use the Adobe program 
Premiere 5.0 as an example. This widely-distriputed pro- 
gram is often included with the video capture card. 
Even if you have a different program, this article will still 
be useful, since all video editing programs work in 
essentially the same way. You can thus easily adapt the 
descriptions here to your own program. 


By Cor DAecardim &S 


video processing 
on the PC (2) 


part 2: using the video editor 


Recording Opti 


Figure 1. Setup menus for scanning in videos, 


After all the scenes have been shot, it's 
time to start with the editing. All scenes 
that are to be included in the final 
product must be scanned into the 
computer. This requires the outputs of 
the video recorder or camcorder to be 
connected to the inputs of the video 
capture card. You will also need a spe- 
cial video editing program, such as 
Adobe Premiere (which we take as an 
example for the following descriptions). 
After starting the editing program, 
select ‘Record’ from the menu and then 
start the video recorder. You should 
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then see the video imagery on the 
computer monitor and also on the con- 
trol monitor (if present). If you do not, 
you have probably selected the incor- 
rect input in the setup menu. The vari- 
ous possibilities are illustrated in Fig- 
ure 1. Note that the actual contents of 
the screen menus depends on the par- 
ticular video capture card used. 

You can select the input in the Video 
Source menu, which also allows you to 
select the video standard. Most video 
capture boards can automatically 
detect the video format of the input sig- 


nal. At the bottom of the Video Source 
menu you can see sliders for adjusting 
the brightness, contrast, colour satura- 
tion and hue. Before changing any of 
the default settings, make sure that your 
computer screen and/or control moni- 
tor are correctly adjusted. There is often 
a considerable difference between the 
appearance of the image on the com- 
puter screen and the control monitor 
(television sef). Which should you 
choose? That depends on the intended 
use of the final product. If you plan to 
play if back fo the video recorder for 
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Figure 2. The editing window of the Premiere 5.0 program. 


distribution via video cassettes, then 
you should go by the appearance of 
the image on the control monitor. If on 
the other hand you plan to use the 
video clip as a computer video or for a 
multimedia application, then the 
appearance of the image on the com- 
puter screen is what counts. 

In the Recording Options window, you 
can select the recording format as well 
as the compression ratio or data rate. 
Here you should be guided by the 
requirements of your intended final 
product. For a computer video with (for 
example) 320 x 240 pixels, a ‘one-quar- 
ter’ resolution of 384 x 288 pixels is ade- 
quate. When selecting the compression 
ratio, you always have to make a com- 
promise between the processing power 
of the PC and the picture quality. The 
higher the compression ratio, the more 
the quality of the imagery is degraded 
by compression artifacts, but increas- 
ing the compression ratio reduces the 
data rate and thus reduces the 
demands placed on the computer and 
the hard disk drive. The following are 
indications that the selected data rate 
is more than you system can handle: 


1.On completion of the scan, the 
video editor reports one or more 
missing frames (‘dropped frames’). 

2.The playback of the scanned-in 
video is jerky: the sound track is nor- 
mal, but the video ‘freezes’ briefly. 


Remarkably enough, | have noticed with 


two different computers that playback is 
more critical than scanning. Data rates 


PC Topics 


that work without any problems for scan- 
ning repeatedly result in jerky playback. 
If you plan to re-record the end product 
on a video recorder, you have no 
choice but to reduce the data rate to a 
value that results in problem-free play- 
back, since the video recorder will nat- 
urally record every hiccup in the play- 
back video. For computer videos, this is 
not a problem, since they will not be 
played back at the real-time rate. 
Finally, you have to set up the sound 
track, You have to decide whether you 
want to have a sound track, and if so 
then you have to select the quality 
level for recording the audio signal. The 
recording level can be set either via 
the audio section of the video capture 
card or a separate sound card, 
depending on the particular video 
capture card that you use. If you use 
the sound card, then you can use any 
suitable audio program, such as the 
Windows Audio Recorder. 

After all these selections have been 
made, the actual scanning process is 
refreshingly simple. Just start the video 
recorder and click on the Start button, 
and the video is scanned in. To stop 
scanning, click with the mouse or press 
the ESC key. A new window will be 
opened to display the scanned-in 
imagery, which can be checked and 
stored. 


Editing 


After all the scenes to be edited have 
been scanned in, you have to collect 
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them together in the project window of 
the editing program. You can use the 
Import function for this, or drag and 
drop. The project window displays an 
overview of the collected scenes in the 
form of icons. You can select individual 
scenes and drag them into the editing 
window, arranging them according to 
your scenario. The editing window is 
constructed so that it largely mimics the 
traditional film editing technique with 
celluloid and scissors. You can ‘cut’ 
individual pieces of film with a knife, 
and you can use the mouse to arrange 
the pieces however you wish. ‘Hard’ 
cuts are thus made by simply pushing 
two pieces of film together in the edit- 
ing window. 

In addition to hard cuts, fade-overs are 
commonly used. For this purpose, the 
first video track is specially divided into 
the subtracks a and b. The film pieces 
for the fade-over are positioned on 
tracks 1a and 1b such that they over- 
lap for the duration of the desired 
blend interval (see Figure 2). A large 
number of blend effects are available 
in the fade-over window, each illus- 
trated by a small animation. All you 
have to do is to select the desired 
effect and drag it with the mouse to the 
editing window, dropping it in the over- 
lap region between tracks 1a and Ib. 

In addition to the classical ‘soft blend’ 

and ‘additive blend’ effects, you can 

also choose from ‘wipes’ in various 

directions, as well as stripes and circu- 

lar blends. There is also a series of 

attractive digital transitions, such as 

turning the page of a book, fade-overs 


Original 


Wind effect 


Vortex 


Figure 3. A few sample filters from the Premiere program. All filters can be made time-varying. 


in small rectangles, ‘whirlpool’ and 
many more. If you have enough 
patience, you can even design your 
own transitions using the transition 
builder tool set. 

To see how the fade-over looks, click 
on the time bar at the top of the edit- 
ing window while pressing the ALT key. 
This causes the film to be displayed in 
the viewing window at the time corre- 
sponding to the location of the mouse 
pointer. By moving the mouse back 
and forth a bit, you can get an impres- 
sion of how the transition works. You 
can judge it even better if you look at 
a preview. However, to do so you must 
first let Premiere calculate the effect 
over a selected time interval. The ren- 
dering time naturally is strongly depen- 


42 - 5/99 


Elektor Electronics EXTRA 


Replication 
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Waves 


dent on the capabilities of the proces- 
sor, the video capture card and the set- 
tings, but it will typically range between 
10 to 60 times the length of the interval 
to be rendered. Once this is finished, 
you can view the transition in real time. 


Filters 


The term ‘filter’ is used collectively for all 
types of effects and processing that 
affect an individual piece of film. The 
classical filters are: 


/¥ brightness, contrast, saturation and 
hue correction; 

¥ soft focus and edge enhancement; 

¥ local contrast smoothing; 


2% 


¥ black-and-white 
(monochrome) and 
/¥ mirror-image. 


Other filters are familiar 
from photo-manipulation 
programs, such as: 
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5 - ¥ solarization; 
, z Y relief; 
Ne Y lens distortion and lens 
reflection; 
¥ ripple; 


¥ crystallization and 
¥ mosaic, 


to mention only the most 
important ones. In con- 
trast to photo manipula- 
tion, with the video editor 
these filters can be used 
in a timer-varying man- 
ner, which allows inter- 
esting effects to be pro- 
duced. Gradually bring- 
ing a blurred image into 
focus, showing an artifi- 
cial water surface with a 
variable amount of rip- 
ple, and simulating the 
focussing of the human 
eye with variable depth 
of field are only a few 
examples of the many 
possibilities. 
In addition, there are 
also filters that are only 
applicable to video. 
These modify the time 
sequence of the indiviad- 
ual frames. A_ simple 
example is reverse play- 
back, One of these 
types of filters is the 
‘motion’ filter, which 
allows the camera posi- 
tion to be changed (similar 
to an animation program). 
With this filter, you can add zoom and 
pan effects after the fact. 


Transparency 


Premiere allows up to 99 video tracks, 
and a time-variable degree of trans- 
parency can be individually set for 
each track. This effectively puts a com- 
plex video mixer at your disposition, 
with which you can create subtle fade- 
overs and effects using more than two 
pieces of film. 

It is also possible to make certain parts 
of the image of a given film strip trans- 
parent, for example in order to present 
a speaker in front of an exotic back- 
ground. For this purpose, the speaker is 
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first filmed standing in front of a uni- 
formly-coloured background. Tradition- 
ally, this background is blue, so this 
effect is called ‘blue screen’. However, 
any desired colour can be used. The 
selected colour can be defined in Pre- 
miere to be transparent, so that a film 
running in the background and dis- 
playing some imposing monument will 
be seen behind the speaker. The ‘alpha 
channel’, commonly used in photo- 
manipulation programs for making 
transparency masks, is also supported 
by Premiere, 


Titles 


Titles are generated in a special titling 
window, in the same way as in a vector 
drawing program. In addition to the 
fonts installed on the computer, you 
can use vector drawing elements such 
as straight lines, rectangles, circles and 
ellipses. Individual elements can be 
provided with shadows, and there is 
even a_natural-appearing diffuse 
shadow effect with automatic alpha 
channel. Titles can be switched to 
transparent at the click of a button, so 
that they can be displayed in front of 
any desired background. Scrolling titles 
are also easily generated. 


Limitations 


The creative possibilities of affordable 
PC-based video editing software 
match the full scope of professional sys- 
tems. You can give your imagination a 
free rein, and even very complicated 
effects can be realized (albeit not 
always directly). 

The catch is the working speed. In 
order to properly assess a given effect, 
you have to view it in preview mode. 
This requires a certain amount of ren- 
dering time, which even for short 
scenes can easily amount to a couple 
of minutes. Of course, once a scene 
has been rendered it is saved, but only 
as long as no further changes are 
made within the working region. Unfor- 
tunately, fine tuning (such as adjusting 
the length of a fadeover) normally 
involves making a series of changes in 
a given region, requiring the scene to 
be rendered anew for each change. If 
you have to evaluate the results of edit- 
ing a clip with a length of several min- 
utes, the rendering time can easily be 
an hour or more. 


Exporting the finished film 


After the editing is complete, the film 
can be played back to a video tape. 


Table 1. Summary of standard codecs 


Video, or Microsoft Video 1 
File formats: MOV and AVI 


Advantages: fast calculation with good reproduction quallity. 
Disadvantages: requires a high data rate; otherwise the image 
quality suffers significantly. Colour space limited to 16 bits. 


MPEG 1 
File format: MPEG 


Advantages: Excellent reproduction 


This is very simple: it works the same 
way as copying a tape from one 
recorder to a second one, except that 
here the PC takes over the role of the 
playback recorder. 

However, if you want fo use the fin- 
ished film as a computer video, then 
the codec — the compression process 
— must be changed, as noted in the 
first part of this article. This is because 
the hardware of the video capture 
card in needed to play back the 
video in its standard form, and this 
hardware will naturally not be avail- 
able to other users. 

There is a whole series of codecs that 
can be used for this purpose. Table 1 
presents a summary of the available 
codecs, with their advantages and 
disadvantages. To change the codec, 
select the Export function in Adobe 
Premiere. You will see a series of selec- 
tion windows, with which you can con- 
figure the many parameters of the 
video file to be generated. For a film 
clip of 5 minutes’ duration, the render- 
ing time for converting the codec will 
be several hours. 


556K igiataon 10 other 


codecs. The imagery Opes 19 Revs salovition quality, even at 
data rates as low as 170 kB/s. 


Recommended for test videos and videos to be played back from 
the hard disk. As a rule, not suitable for playback from CD-ROM. 


Cinepak 

Fite formats: MOV and AVI 

Advantages: On average, good data quality, even with data rates 
suitable for CD-ROMs. Comparatively good colour reproduction. 
Suitable for older-mode! computers as well. 

Disadvantages: requires more calculation time than Video. Large 
uniform-coloured patches are sometimes a bit unstable. 
Recommendation: well suited to reproduction from CD-ROMs, 
especially if they are to be played back on older-model comput- 
ers. 


Intel Indeo 

File formats: MOV and AVI 

Advantages: On average, good data quality, even with data rates 
suitable for CD-ROMs. Suitable for older-model computers as well, 
Gives very good results for subjects with relatively little motion {such 
as a speech or presentation). 

Disadvantages: requires more calculation time than Video. 
Disturbing colour distortions are sometimes visible in scenes with fast 
motion. 

Note: various versions are available. The current version is 5.0, but 
Windows 95 and 98 come with only version 3.2. 
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Disadvantages: the decoding +6 telaiivety computation-intensive, 
so only a 166-MHz Pentium MMX {ort better) can achieve full-resolu- 
tion reproduction. With hao cogs computers (100 MHz Pentium 


MPEG decoder (player) is part 6 
only since Windows 95, but there is a MPEG player available for 
Windows 3.1. As a tule, MPEG encoders are not included in the 
standard software compiement-of a video capture card and must 
be acquired separately, You can finda good summary of MPEG 
and MPEG sofas PS AEE OE venmCen eo 


File format; AVI” 

Advantages: lossfree compression, relatively fast encoding. 
Disadvantages: fimited-to 8-bit colour. 

Recommendation: the restriction of the colour depth to 8 bits is too 
severe for normal videos, besides which the data compression 
does not work aill-that well for normal videos. However, this codec is 
an outstanding choice tor cartoons and animations, where the lim- 
ited colour depth does not matter. 
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Many hobbyists seem to harbour a desire to control stepper 
motors from a PC. Unfortunately, complete stepper motor 
interfaces that can communicate with a PC are pretty rare. In 
this article we present a compact circuit that can control 
unipolar stepper motors. The companion software is suitable 
for Windows, but it also supports DOS. 


[deesicgry toy 2. Cotteeam 


I2¢ stepper motor 
controlier 


a unipolar stepper motor under digital control 


This design comes originally from the 
Dutch HCC Model Railroad Automation 
Users Group. They needed a simple 
interface to allow the smokestacks of 
model locomotives to be filled with a 
few drops of smoke liquid from a dis- 
penser. This liquid produces a realistic 
plume of smoke as the locomotive 
thunders over the rails. 

The mechanical actuation in this case 
is provided by an inexpensive four- 
phase stepper motor, scavenged from 
an old floppy-disk drive. The interface 
between the stepper motor and the 
serial port of the PC is constructed using 
standard components. A circuit trick is 
used to allow the serial port to support 
the I2C interface, which is a simple and 
efficient solution. 

The necessary software has been 
developed in Delphi 3.0 and supports 
a number of basic commands, such as 
rotating left or right for a defined num- 
ber of steps. 


Set by step 


Stepper motors are DC motors which 
allow the amount of rotation of the 
shaft to be precisely controlled. A spe- 
cial interface is necessary for this — a 
stepper motor controller. As already 
mentioned, the present circuit is 
designed to work with four-phase, 
unipolar stepper motors. Such motors 
have centre-tapped windings, so that 
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Figure 1. The basic design of a unipolar stepper motor. 


the magnetic field can be reversed 
without reversing the direction of cur- 
rent flow in the controller. The basic 
design of such a motor is shown in Fig- 
ure 1. The four windings are activated 
in turn by a series of pulses, as shown in 
Figure 2. This causes the shaft of the 
motor to turn. The direction of rotation 
(left or right) depends on the order in 
which the pulses are applied to the 
windings, and the speed of rotation 
depends on the pulse repetition rate. In 
other words, the direction and speed of 


rotation of a stepper motor can be dig- 
itally controlled. Since the pulses over- 
lap, the motor is never without power, 
so a separate brake is not necessary. 

The DC resistance of the windings, and 
the resulting current flow, depends 
strongly on the particular model of 
stepper motor. This is equally true of the 
value of the operating voltage. To allow 
the controller to be used with a wide 
variety of stepper motors, the output 
stage is designed using TIP112 Darling- 
ton transistors. These can switch currents 
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up to 1 ampere. The motor voltage can 
range from 5 V to 25 V without present- 
ing any problems to the controller, so 
that all commonly-available stepper 
motors can be used. This brings us to 
the circuit diagram of the controller, 
which is depicted in full in Figure 3. As 
you can see, it is a simple but effective 
design. 


A simple controller 


Since the output transistors are driven 
by a simple, repetitive set of wave- 
forms, the logic circuitry can be made 
relatively simple. Only three ICs are 
used, IC2, a 74HC(T)193, is a binary 
counter that is driven by the clock sig- 
nal generated by IC] (PCF8574). A ris- 
ing edge on pin 5 of IC2 (Count Up) 
increases the counter state by one, 
while a rising edge on pin 4 (Count 
Down) decreases the count by one. 
The Qa and Qb outputs (pins 3 and 2) 
thus count from one to four, which is 
precisely the four states that we need 
for the four phases of the motor drive. 
The IC following IC2 (IC3, a 74HC(T)1 55) 
is a 2-to-4 decoder. Only one of its four 
outputs is active at any given time, 
according fo the binary code applied 
to its inputs. This information now has to 
be converted to the drive signals for 
the transistors. Figure 4 shows how the 
control signals A, B, C and D are gen- 
erated with the help of four NAND 
gates. High-level output signals from 
the NAND gates turn on the associated 
output transistors to apply power to the 
stepper motor. 

You can use LS, HC or HCT ICs for IC2 
and IC3. However, use only an HC or 
HCT type for IC4, since an LS type can- 
not provide an adequate amount of 
base current. 

The !2C circuit is built in an unconven- 
tional manner. The heart of this circuit is 
formed by IC1, a PCF8574. Note that 
there is an alternative version available, 
the PCF8574A. These differ in the base 
address (40,, and 70), respectively). 
The clock signal alerts the PC via the 
TxD line. Bidirectional data communi- 
cation, as used on the SDA line, is 
implemented with the help of the CTS 
and DIR signals. Using the serial port for 
this interface is particularly attractive, 
since good support is available in soft- 
ware development environments such 
as Visual Basic and Delphi. 

Resistors R4 and R5, in combination with 
diodes D1 and D2, serve to make the 
voltage at the serial port TTL-compati- 
ble. The combined CTS and DIR lines 
are connected to the SDA input of IC1, 
and TxD is connected to SCL. The base 
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Figure 2. This timing diagram shows how a stepper motor must be driven to cause the 


shaft to rotate. 


address of IC1 can be selected using 
jumpers JP1 through JP3. This allows up 
to eight such controllers to be con- 
nected in parallel to a single I2C bus. 
In theory, there are thus a maximum of 
(2 x 8 x 8) = 128 I/O lines (parallel con- 


nections) available. For this application, 
a single controller is (for the time being) 
adequate, and only three of its paral- 
lel connections are used. Output PO of 
IC1 is used to drive a LED, while outputs 
Pl and P2 are used to supply the 


Figure 3. The schematic diagram of the stepper mofor controller that is driven via the 


12C port. 
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Figure 4, Here you can clearly see how the signals from the 2-to-4 converter are 
processed by the NAND gates fo generate signals suitable for driving the output transistors. 


left/right rotation control information for 
the motor. 

The entire circuit operates from a 5 V 
supply voltage, with a current con- 
sumption of around 90 mA. Such a sup- 
ply voltage can easily be arranged in 
a PC environment. The operating volt- 


age for the motor depends on the type 
of motor used. Almost any type of DC 
power supply can be used to power 
the motor. The current consumption of 
the motor depends on the DC winding 
resistance, which can easily be mea- 
sured with a multimeter. 


Figure 5. Windows interface. The source code file is available on disk no. EPS 996014-1. 


Bit: 76543210 
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Bits and bytes 


The software for driving the interface 
has been developed in Delphi 3.0 and 
can be used in combination with Win- 
dows 95/98. The driver can be readily 
used with other (possibly home-brew) 
software. It includes the routines 
needed to generate signals that com- 
ply with the I2C protocol, and to read 
data from and write data to IC1. Out- 
puts PO-P7 of IC 12 can be directly 
loaded with an 8-bit value. If output P1 
is set low and then high in turn, the 
motor rotates one step to the left. Simi- 
larly, output P2 can be used to make 
the motor rotate one step to the right. 
The rate at which the control pulses are 
generated determines the rotational 
speed of the motor. The processing 
speed of the PC is a factor here; the 
faster the PC, the higher the maximum 
possible speed of the motor. To avoid 
problems due to this effect, a ‘motor 
constant’ is defined in the software. The 
value of this constant must be chosen 
so that enough pulses are generated in 
each time interval to allow the motor to 
reach the maximum desired speed. 
The screen dump in Figure 5 shows the 
user interface for the driver software 
(VPLS1.EXE). The left-hand portion of the 
window relates fo the communication 
with the I2C interface, while the right- 
hand portion relates to the motor. Acti- 
vating the button Testl2C should cause 
the LED on the controller to switch on. 
The status of the outputs PO through P7 
is displayed in a box; this represents the 
content of the binary status byte in IC1. 
The previously-mentioned motor con- 
stant can be read and modified via the 
box at the bottom. The remainder of 
the interface provides two pushbuttons 
that allow the motor to be stepped to 
the left or right by the indicated num- 
ber of steps, plus a box that displays 
the current position of the motor (based 
on the number and direction of steps 
that it has executed). 

Since stepper motors are most com- 
monly used as part of a larger system, 
it is important that the driver software 
can be incorporated in other applica- 
tions. The necessary software, including 
the source code, is thus available on a 
diskette from Readers Services (order 
number 996014-1). This provides the 
tools you need to control stepper 
motors from your own applications. 
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GENERAL INTEREST 


Faultfinding with a 
multimeter set to 
measure resistance 
yields quite a lot of 
information, but is not 
without risks. This is 
because when the 
meter is set to this 
range, there is a 
potential across its 
terminals. 


By K .S.M. Walraven 


INTRODUCTION 

When a multimeter is set to a voltage 
or current range, it is a passive instru- 
ment that simply measures the poten- 
tial across, or the current through, a 
component, line or network. Clearly, it 
has some effect on the component (or 
line or network), since in the first case 
itis shunted by a high-value resistance, 
and in the second case, a small resis- 
tance is coupled in series with it. In 
almost all cases, this effect is negligible, 
however. 

When the meter is used to mea- 
sure resistance or circuit continuity, it 
behaves as an active instrument, 
because for those purposes it needs to 
apply a voltage across the component 
(or line or network). It is this voltage 
_ that gives rise to concern, since sensi- 
tive, expensive components may be 
damaged by it, sometimes irreparably 
80. 


40 
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ones 
Rachie 4 


WHAT TO DO 

The voltage applied across many 5 V 
integrated circuits must not exceed 
6.5 V, while modern 3.3 V integrated 
circuits are even more sensitive. It is, 
therefore, necessary to know the level 
of voltage across the meter terminals 
when this is set to the resistance range. 

This is easily established with the aid 
of a second multimeter. Link the test 
leads of the two instruments in parallel, 
set one meter to a resistance range and 
the other to a (low) direct voltage range. 
The second meter then reads the test 
voltage provided by the first. 

It is essential to carry out this mea- 
surement on all resistance ranges. This 
is because many multimeters have sev- 
eral resistance ranges as well as a 
diode/continuity test range and the test 
voltages in these ranges can differ 
appreciably from each other. The test 
voltage is often particularly high (rela- 


measurement oddities 


faultfinding with an ohmmeter 


tively 
speaking, of 
course) in the diode/continuity range: 
usually well above the diode voltage 
(forward bias) of 700 mV (in case of a 
silicon diode). 

Inspection of various multimeters 
shows that the test voltage can vary 
from about 300 mV to as much as 4.5 V. 

It is rather more difficult to deter- 
mine the test voltage of meters with an 
autoranging facility. This is because 
when a voltmeter is connected to one 
of these types, it detects a high resis- 
tance and switches automatically to the 
MQ range. To ascertain the test voltage 
in the other resistances ranges, a num- 
ber of resistors, say, 100 Q, 1 kQ, 10 kQ, 
and 100 kQ are needed to shunt the 
voltmeter terminals. 


MEASURING 
It may be assumed that when the test 
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voltage is not higher than 300 mV, any 
component, line or circuit can be tested 
without any risks. If the test voltage lies 
between 700 mV and 2 V, the same 
applies, but it should then be borne in 
mind that diodes, transistors, and ICs 
in the network on test may come on 
and influence the measurement. 

Test voltages higher than 2V 
should not be used, because they affect 
the operation of the network on test. 
Some analogue meters, especially mov- 
ing-coil instruments, are particularly 
risky to use, Tests show that these may 
have test voltages of up to 22.5 V. 
Clearly, this is a dangerous voltage to 
test the continuity of a network. 

Reverting to the case where the test 
voltage lies between 700 mV and 2 \, it 
should be noted that, as said, diodes 
and transistors may come on, but in 
some cases that is an advantage. 
When, for instance, the base-emitter 
junction of a transistor is examined 
with a test voltage of 300 mV, the meter 
will invariably show e, which means 
very little. If the test voltage were 
700 mV, the meter will show ¢ in one 
(reverse bias) direction, and a few hun- 
dred ohms in the other (forward bias) 


direction, indicating that the base-emit- 
ter junction is sound—see Figure 1. 
Finally, note that in analogue multi- 
meters the polarity of the test voltage 
is reversed with respect to the pin indi- 
cation, that is, the positive test voltage is 
at the black (COM or earth) terminal or 
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probe, while the negative test voltage 
is at the red terminal or probe. In digi- 
tal multimeters, the positive test volt- 
age is at the red terminal or probe and 
the negative test voltage at the black or 
COM terminal or probe. 
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WHEN ELECTRONICS WAS YOUNG (5) 


It took the genius of Gauss, probably the greatest mathematician 
who ever lived, to see the proper importance of the discoveries of Oer- 
sted: electric current — magnetic needle — telegraph. Gauss and his 
friend and colleague Professor Weber began experimenting on these 
lines and in 1832 the needle telegraph was completed. However, nei- 
ther Gauss nor Weber had the time or inclination to concern them- 
selves with the practical development of the electric telegraph. 

Samuel Morse, born in 1891 in Charlestown, Massachuchetts, 
after graduating from Yale, travelled through Europe in the late 
1820s to study the various schools of painting in the countries of 
their origin. During these travels he became deeply impressed by the 
electro-magnetic experiments carried out in Europe, and during his 
return journey to the USA in 1832 he devised a new type of tele- 
graph. 

In those days, there were vast technical difficulties which cannot 
easily be appreciated in our time. For instance, there was no such 
thing as insulated copper wire. Inventive as ever, Morse used the wire 
(insulated) used by New York milliners to make fashionable hats for 
society ladies, 

Morse did not use the magnetic needle; instead he employed an 
electro-magnet to press a pen against a paper strip which was 
unrolled slowly and uniformly. Short impulses on the transmitter 
resulted in dots on the strip and long impulses in dashes. Combina- 
tions of dots and dashes represented letters, numbers, and symbols; 
this was the Morse code, patented in 1840. With this apparatus 
Morse telegraphed, in his first tests in 1837, over a distance of ten 
miles. For six years he worked to improve his technique and his code, 
whereupon Congress in 1843 approved the installation of the world’s 

first telegraph line between Washington and Baltimore at a cost of 
$30,000. The line was officially taken into use on 24 May 1844. 

Werner von Siemens built the first telegraph connection in 
Europe (between Berlin and Frankfurt-am-Main) which was taken 
into use in 1849. Von Siemens still used the needle telegraph which 
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he had improved. However, by the early 1850s the Morse telegraph 
system had became accepted worldwide as the (then) only reliable 
means of communication over long distances. When Morse died in 
1872, the telegraph had already girdled the earth. 

At about the same time, the English physicist John Daniell devel- 
oped a new primary battery, which is still in use and named after 
him. It is a non-polarizing cell with zinc (negative) and copper (pos- 
itive) electrodes. The zinc plate is in a porous cup containing a weak 
zinc-sulphate solution; the cup is in a jar filled with a saturated cop- 
per sulphate solution in which the copper electrode is immersed. The 
e.m.f. of the cell is about 1.1 V. 

Another aspect of electricity that had the attention of researchers 
and technologists was lighting. The world had to wait for the incan- 
descent lamp developed by Edison later in the century, but never- 
theless in the middle of the century New York, London, Paris, Berlin, 
and some other cities had a kind of electric lighting in some impor- 
tant thoroughfares provided by arc lamps. 


“> 
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In hobby as well as professional elec- 
tronics, it is hard to imagine a situation 
without mail order companies. By con- 
trast, local shops are having an increas- 
ingly difficult time to offer the cus- 
tomer an ever expanding range of 
components. Although many hobby- 
ists and professionals will be familiar 
with the huge catalogues published by 
Farnell and RS Components (to men- 
tion but a few), it is increasingly 
noticed that the available component 
range, huge as it may be, does not 
include that one special component 
you may be looking for to complete 
your project. That is not to say that the 


42 


INTEREST 


component ordering 


by Internet 


Relative newcomers to the noble art of elec- 
tronics may find it hard to believe that it was 
once possible to obtain a wide range of elec- 
tronic parts from a local shop. Alas, the inroads 
mail order business have made into the elec- 
tronic component trade have caused the virtual 
disappearance of whole clusters of small but 
well-stocked electronics shops from the high- 
street. Where once there were countless elec- 
tronic component suppliers along London’s 
Edgware Road, the diversity is gone for good. 
Today there are only half a dozen or so ‘broad- 
range’ suppliers left, while much smaller spe- 
cialist suppliers successfully serve the remain- 
ing niche markets. Recently, all and sundry in 
the mail order business have discovered the 
Internet to sell components and take orders. 


catalogues are useless, on the contrary, 
as most of you will agree they often 
contain a staggering amount of worth- 
while information. The point is that the 
product range is too broad to allow 
space for special components. 

Elektor Electronics construction pro- 
jects, too, often contain special compo- 
nents that are not easily found in mail- 
order catalogues. Fortunately, that spe- 
cific market niche is aptly addressed by 
kit suppliers like Viewcom (the UK out- 
let of Stippler Elektronik) and C-I Elec- 
tronics who advertise in this magazine 
are able to obtain reasonable stocks of 
such parts for our readers. 


towards the digital 
Edgware Road? 


PAN-EUROPEAN 
ASPIRATIONS 

A number of big component suppliers 
like Farnell, RS Components (Electro- 
mail) and, recently, Conrad Electronics, 
have gone pan-European and claim to be 
able to supply any item from their 
product range to anyone in any EEC 
country. Others like Maplin stick to the 
UK market only (although expansions 
have been announced). A general 
trend, however, is that the mail-order 
giants in true market-oriented fashion 
enable customers to place orders via 
email or the Internet. Although this 
article is by no means intended as a 
comprehensive market survey, we 
have gathered some information that 
may be useful to our readers when it 
comes to ordering parts ‘digitally’. 
Because of space constrictions for this 
article the information has been kept 
concise, and readers are encouraged to 
contact the companies listed for further 
information. This may include enquir- 
ing about minimum order value or 
quantity, an overview of the product 
range (for example, as a downloadable 
file, or on a floppy disk), delivery 
options, the availability of a technical 
hotline, a printed catalogue or a CD- 
ROM. Because many of our readers 
live overseas, special attention should 
be given to customs procedures and 
postage and packing (P&P) charges. 


PITFALLS 

Not so long ago, the main problem 
encountered in obtaining parts from 
mail-order companies was not the 
actual process of placing an order, but 
the minimum order quantities some 
suppliers seemed to insist on. At some 
point, this made it totally impossible for 
hobbyists (and repair technicians!) to 
obtain ‘one-offs’ of essential parts like 
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semiconductors, electromechanical 
parts and ‘passives’. Although most 
suppliers have dropped this very 
undesirable requirement, there is still a 
snag: a surcharge for small quantities! 


The RS Components web site and 
its component ordering features 
are pretty extensive. Our adver- 
tiser Electromail is the retail 
branch of RS Components — its 
component range is available on 
CD-ROM. The website shown here 
may be found at http://jrswww.com 


ENTER EMAIL AND 
THE INTERNET 

The arrival of the Internet and in par- 
ticular electronic mail (email) has given 
electronic product suppliers and their 
customers unprecedented opportuni- 
ties to get in touch and do business. 
Today, it is possible to browse cata- 
logues over the Net, place orders and 
simply wait for the postman or courier 
to deliver the goods, There are, of 


Although the appearance of the 
website run by Leeds-based Far- 
nell Components is fairly Spartan, 
the product range is overwhelm- 
ing and the ordering facilities set 
an example to the competition. 
Have a look a www.farnell.com 


course negative sides to this develop- 

ment, including 

minimum order quantities or values; 

* ‘hidden’ charges; 

* anonymity (i.e., the lack of personal 
contact and advice); 

* the inability to actually see a compo- 
nent before buying; 

* being unable to browse around in a 
real shop 


Although the traditional means of 
communicating an order to a compo- 
nent supplier are still very much in use 
(telephone, fax and letter), nearly all 
suppliers of components, tools, soft- 
ware, ready-made products and even 
surplus goods can now be reached by 
email. In some cases, wonderfully 
designed websites allow the customer 
to ‘shop around, fill a virtual shopping 
cart with goods and ‘check out’ by 
credit card payment. 


Remarkably, order turnaround 
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Unfortunately the web site run by Maplin at www.maplin.co.uk was being ‘refurbished’ at the time of writ- 
ing this article. Maplin’s continued support of the UK electronics hobbyist is still exemplary, witness the 
Maplin catalogue and the opening of retail stores throughout the country. 
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times have not greatly diminished 
since the arrival of email. UK mainland 
delivery within 24 or 48 hours can usu- 
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site is found at 
www.dil-dos.com 


to cover for posta) costs to 


ally be guaranteed however, with 
faster options available at extra cost to 
the customer. 


NOT FOR ONE-OFFS... 
Just as we find an ever smaller number 


Conrad - Microsoft Internet Explore ° . , 
ae of traders taking orders from private 


Eile Edit: Yio Gio Fayoubey Help, 


meer reggae yatiaear erage mE oT TIPE TET ETT TTT : es : customers, so the number of broadline 
#: > OD Otis & Sao REECE im 


suppliers to the industry has dwindled 
Adele) rpc //wewys contad-electronic com/unier/index_ntemabonal hint 5 4 

- to half a dozen or so over the past 10 

- . ;: 7 S. 5) 7 series of c > , oro 

4 gonran Conrad International years Alc ng se ries of comp any merg 

ers have resulted in just a few players 


Welcome to CONRAD ELECTRONIC - 
Europe's leading mail order company for 
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active on the Germany market 
only, gives evidence of their pan- 
European aspirations by running 
an English-language website with 
full on-line ordering facilities. The 
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Help 
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left in this field. Although two of these, 
Farnell and RS Components, have 
already been mentioned, it should be 
noted that they do, in principle, supply 
to individual customers (Farnell, 
directly, while RS Components 
employs its ‘Electromail’ retail branch 
4 for this purpose). 

Two competitors in the pan-Euro- 
pean field, Spoerle (www.spoerle.com) 
Order form and Eurodis (www.eurodis.com), should 
be mentioned here. Although neither 
has an on-line ordering system up and 
running using a ‘shopping basket’ 
function or similar, you should at least 
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two of the main wholesale suppliers to 
the retail trade when it comes to spe- 
cial parts used in Elektor Electronics pro- 
jects. The UK branch of Eurodis is 
Bolton-based HB Electronics. So, if 
Iwish te place the fcLowing orde: your local retailer can’t supply it, tell 


him to try Spoerle of Eurodis. 
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In the UK, the kits and special components stocked by our advertiser Stippler Elektronik are available 
through Viewcom Electronics. 
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In this fourth and 
final instalment 
we propose a 
few more pro- 
grams and appli- 
cations for the 
SX microcon- 
troller from 
Scenix. Some of 
the programming 
examples give a 

_ good impression 
of the SX con- 
troller’s raw 
speed and the 
resulting applica- 
tions. To close off 
some frequently 
made program- 
ming errors are 
mentioned. As 
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with PIC programming, dealing with the SX will 
require discipline and some getting used to, 
and the closing section is particularly aimed at 
experienced 8051 programmers. 


Design by Dr M. Ohsmann 


X-microcontroller 
evaluation system (4) 


part 4 (final): more programs, 
applications and tips 


The first loose end we have to tie up is 
the clock source selection, for which the 
SX offers a number of options. The SX 
prototyping board described in last 
month’s instalment enables three dif- 
ferent oscillator configurations to be set 
up by fitting jumpers. In our first exam- 
ple program, the oscillator circuit was 
set to HS (high-speed) mode. By fitting 
jumper JP2 it is possible to clock the SX 
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micro at 48 MHz. The result is that all 
programs are executed three times as 
fast as on 16 MHz. The SX chip also has 
an internal RC (resistor-capacitor) oscil- 
lator, which provides a clock signal of 
4 Mhz. Via a prescaler, this clock signal 
arrives at the processor core (see 
datasheet), but only if the first and sec- 
ond program lines are modified as fol- 
lows: 


device turbo,osclMhz,pins28 
divider equ 15 


The modified program example is 
available on the project disk, its name 
is IRC1.SRC, The processor clock fre- 
quency is then set to 1 MHz. At the 
same time, because of the changed 
value of ‘divider’ the inner timing loop 
is executed only 15 times (instead of 
200). Using this program the LED will 
flash at about the same rate as before, 
while a quartz crystal is not even 
required, Alternatively, you could use 
an external oscillator by connecting an 
R-C network to the OSCI pin. On the 
processor board, that can be done by 
fitting jumper JP3 (after successful pro- 
gramming). The program should be 
modified to begin as follows: 


device turbo,oscrc,pins28 
divider equ 1 


On the project disk, the modified pro- 
gram may be found as ‘RCI.SRC’. 
Using the external components C7 = 
InF and R6 = 10k we get a clock fre- 
quency of about 80 kHz. Because the 
timing loop is executed once only (see 
the value of ‘divider’), the LED flashes 
at about the same rate as before. 

Any oscillator version can be pro- 
grammed by appropriate setting of bits 
in the FUSE word. The available device 
options are listed in Table 1. The 
‘device’ instruction also allows all other 
possibilities of the SX controller to be 
selected. However, to make sure you 
get what you want, be sure to read the 
datasheets in great detail. Fortunately, 
all programs on the project disk have 
been tested, and they are ready for use 
without any editing whatsoever. 


SERIAL 
INPUT/OUTPUT 

Of course you don’t need a 50-MHz 
RISC processor to make an LED flash 


SX 


RAO 


Controller 


at a 1-second interval. 
But then, when_ it 
comes to program- 
ming your own very high-speed appli- 
cations, the problem of testing and 
debugging will crop up at some point. 
A successful method applied by the 
author is to control a program and sup- 
ply it with data by first entering and 
outputting a couple of test values 
through the serial interface. The pro- 
gram ‘SERIO1.SRC’ is an example of 
how this may be done in practice. This 
program waits for two hexadecimal 16- 
bit values to arrive via the RS232 inter- 
face at a speed of 19,200 bits/second, 
and then produces the sum of the two 
input values. The data rate applies if 
you clock the SX micro at 16 MHz. By 
using a 48-MHz clock, the communi- 
cation will run at 57,600 bits/s. If you 
study the program you will learn how 
simple I/O functions may be imple- 
mented. At the same time, this exam- 
ple program supplies you with ready- 
made subroutines for serial input and 
output, which may be employed in 
many other programs. 


TOWARDS HIGH SPEED 
After all this theory, a practical example 
requiring high processor speed is badly 
needed. The function of the program 
may be formulated as follows: using a 
kind of pulsewidth modulation, gen- 
erate a software-controlled direct volt- 
age. On port RAI, a pulse sequence is 
generated whose arithmetic average 


Over the past 11 years ULTimate Technology supplied more than 20.000 
commercial versions, but also thousands of educational versions, which, having 


no Gerber Interface (high resolution photoplotter) are not suitable for commercial Brae 


use, but are otherwise, identical to the, naturally far more expensive, commercial 
versions. After a worldwide test on Internet the ULTIboard Studio evolved, with 
i the same well-considered limitation, at a price at which everybody can afford 


a professional design system. 
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equals the desired 
direct voltage. This 
output voltage is then 
filtered out by low-pass R4-C6 on the 
5X prototyping board, and may subse- 
quently be read off a digital voltmeter 
(DVM) (Figure 1) connected to output 
‘DACI'. The pulse train itself is gener- 
ated by the program section 


pwm lp 


The idea was found in a Scenix appli- 
cation, and is based on the fact that the 
continuous adding of the constant 
‘value’ to a register, the number of 
CARRY pulses will equal the average 
value of ‘value’. As you can see, this is 
not true pulsewidth modulation as you 
may know it from other applications. 
The algorithm is contained in the 
example program SERPWML.SRC on 
the project disk. This program actually 
generates two such signals, they are 
available for measuring at pins RAO 
and RAI. The signal at the RAO pin is 
used to control the average brightness 
of LED D1, which is connected to RAO 
via resistor R35. The two voltage levels 
are adjusted with the aid of a 16-bit 
hexadecimal numbers which arrive via 
the RS232 serial interface (operating at 
19,2, kbit/s when using a 16-MHz 
clock). After a reset, the program 
expects a 16-bit hexadecimal number 
(for example, 8028) to be input. The 
lower-order byte determines the volt- 
age at the DAC] output, whereas the 
higher-order byte programs the aver- 


Unit 1, Lodges Bam, Coxbury Lane, 
St. Beiawels, Lydney, Glos GL15 60) f= 
: O1594-810100 
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age value of the voltage at the RAO pin, 
and so the LED brightness. 


AF SINEWAVE 
GENERATOR USING 
HIGH SPEED AND 
INTERRUPTS 

Now’s the time to rev up. In principle, 
we keep using the previously dis- 
cussed method of generating an ana- 
logue digital. This time, however, the 
value to be output is a sinewave rather 
than a direct voltage. Because the 
sinewave is created inside an interrupt 
routine, it is possible to control the 
period of the sinewave (signal fre- 
quency) in the main program, using 
the RS232 interface. In this way, the cir- 
cuit shown in Figure 1 is turned into a 
simple sinewave generator with a fre- 
quency range of up to a few kilohertz 
and a resolution of 0.1 Hz (yes !). The 
associated program, SINGENI.SRC is 
available on the project disk, and may 
serve as an example of how timer-con- 
trolled interrupts are programmed. 
Details of the control program are not 
given here because of lack of space. 
The comment found in the program 
listing together with the SX datasheets 
and the instruction descriptions should 
enable you to analyse the program and 
learn quite a lot. 


A FAST SINEWAVE 
GENERATOR 

On the 5X prototyping board, a simple 
D-A converter (output DAC2) is con- 
nected to port RC. By using a sinewave 
look-up table which is read out by a 
numerically controlled oscillator (NCO, 
see Ref. 1) it is possible to employ the 
SX chip to generate accurately defined 
sinewave voltages right into the MHz 
range. Not bad, we'd say, for such a rel- 
atively cheap microcontroller, 

The file ‘SINGEN2.SRC’ on your 
project disk is an example of a 455-kHz 
signal generator derived from a 48- 
MHz clock. By suitable programming, 
this example may be extended to cre- 
ate a sinewave generator whose out- 
put frequency is programmable via the 
RS232 interface. 


WAKE-UP 

AND INTERRUPTS 

Besides the timer (or counter) driven 
interrupt, the 5X micro also allows 
pulse edges on port RB to act as inter- 
rupt requests. An example to illustrate 
this feature and the way it has to be ini- 
tialised is available as ‘MIW1.SRC’ on 
the project disk. In the main program, 
LED D1 is in principle controlled by 
means of pulsewidth modulation just 
as in the PWMI1 example. This time, 
however, the brightness may be 
increased or decreased by pressing 
push-button $2 or $3 respectively. In 
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Table 1. Assembler options 
for ‘device’ command 


AA 
internal RC oscillator, division by 2 
4 


internal RC oscillator, division by 8 
internal RC oscillator, division by 16 
internal RC oscillator, division by 32 
internal RC oscillator, division by 64 
internal RC oscillator, division by 128 


Name Function 

PINS28 specify 28-pin chip 
PINS18 specify 18-pin chip 

OSCHS high-speed quarz crystal 
OSCXT regular quarz crystal 
OSCLP low power quarz crystal 
OSCRC activate RC oscillator 
OSC4MHZ internal RC oscillator, division by 
OSC2MHZ 

OSC1MHZ internal RC oscillator, division by 
OSC500KHZ 

OSC250KHZ 

OSC125KHZ 

OSC62KHZ 

OSC31KHZ 

BROWNOUT 4.2 Volt brown-out 

TURBO activate Turbo mode 
STACKX activate 8 level stack 
OPTIONX extended option register 
CARRYX include Carry with AD/SUB 
INSYNC synchronous input 
WATCHDOG activate Watchdog 

PROTECT 


activate code readout protection 


the program, any push-button action 
generates an interrupt which, in turn, 
causes the LED brightness to be con- 
trolled. The result is a basic dimmer 
function. 


FURTHER OUTLOOK 
That concludes our discussion of the 
example programs supplied on disk for 
the SX microcontroller. The same disk, 
however, contains extra stuff, while the 
SCENIX website is also a great source 
of additional software examples. The 
examples discussed here and the ones 
found on the Internet are good starting 
points when it comes to putting your 
own ideas in practice. With the ele- 
mentary information available, you 
should be ready to start making your 
own programs, and, of course, errors! 


COMMON ERRORS 
Of course, the author learned a lot of 
his mistakes while developing the 
example programs. Some pitfalls are 
discussed here to help you avoid them. 

Special attention should be given to 
the CARRY flag in relation to the CAR- 
RYX bit in the FUSEX register. The 
behaviour of arithmetic commands 
(and some conditional jumps employ- 
ing arithmetic commands as macro 
commands) is governed by the CAR- 
RYX bit. This may cause subroutines 
that you want to share to behave dif- 
ferently depending on the CARRYX bit 
being set or not. 

When using several register stacks 
you should make sure that each and 


every subroutine complies with the 
conventions you have set up. 

The next mantrap is the limited 
range of CALLs and jumps. Here, too, 
be careful, and closely read the 
datasheets. Do not start programming 
just like that — it equals time lost on 
debugging and false accusations in the 
direction of the manufacturer. 

Subroutine nesting also requires 
careful programming. A stack with a 
depth of eight levels only becomes 
available when you activate the 
STACKX option. This depth may be 
reached sooner than you would 
expect. If you frequently exchange 18- 
pin and 28-pin SX micros, you should 
remember to use the appropriate 
“pins28’ and ‘pins18’ option in the 
assembly code. If you don’t, the pro- 
grams will not run because of an incor- 
rectly programmed bit in the FUSEX 
register. Some of the quirks mentioned 
here are simply compromises resulting 
from the speed requirements on a 
processor core which had to remain as 
simple as possible. 

(om0018-4) 


Reference: 

1, AVR-RISC Evaluation System, Elek- 
tor Electronics, Supplement October 
and November 1998. 
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fan control 


for high-power output amplifiers 


Most domestic 
amplifiers are 
oled solely by 
convection, but it 
may happen that 
a standard heat 
exchanger does 
not provide ade- 
quate cooling for a certain output amplifier. In 
such a case other means must be used, nor- 
mally a fan or fans. The circuit described in this 
article provides a temperature-dependent, pro- 
portional control for such a cooling fan. It 
enables the turn-on threshold and the control 
characteristic to be set as needed within a 
given range. It also provides over-temperature 
indication which may be used to actuate the 
protection circuit of the amplifier. 


Design by T. Giesberts 
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INTRODUCTION 

Although the heat sink of the Titan 
2000 is of reasonable dimensions, the 
amplifier, like other output amplifiers, 
has its limits as regards dissipation. 
With loads down to 4 Q the heat sink is 
perfectly capable of dissipating the 
generated heat, but with lower loads 
and maximum drive levels, forced cool- 
ing must be used. 

The design of the present circuit 
ensures that when a predetermined 
heat sink temperature is exceeded, two 
small fans are switched on which rotate 
at a speed that is directly proportional 
to the heat sink temperature. When 
maximum fan speed is reached, the 
over-temperature indication is enabled 
and the protection circuit of the ampli- 
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fier may be actu- 
ated via a separate 
output. 

There are two 
indicator LEDs; one for the turn-on 
threshold (when the fans are turned 
on), and the other for maximum tem- 
perature. The fans in the prototype are 
small 12 V models. The rotational 
speed of these can be varied readily 
with the supply voltage: they start reli- 
ably from voltages as low as 5 V. It is of 
| great importance that the fans are very 
quiet types to avoid intrusive fan noise 
in the listening room during low pro- 
gramme levels. 

The temperature sensor is a stan- 
dard Type BD140 transistor mounted 
H on the heat sink. Its forward voltage 
(like that of any silicon transistor or 
diode) decreases by exactly 2 mV °C-1, 
which makes it eminently suitable for 
use as a sensor, 


SEE ALSO THE 
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DESIGN 
The circuit dia- 
gram of the con- 
trol is shown in 
Figure 1.The over-temperature signal 
appears on pins ‘max temp’, the fans 
are linked to connector K3, and the sen- 
sor is connected to Ky. 

The sensor, which is arranged as a 
diode, is biased via resistor Ry. The 
temperature-dependent potential 
across the p-n junction is filtered by 
network R5-C; and then amplified x11 
by operational amplifier Cj). To make 
sure that there is adequate control volt- 
age for the fans, amplifier IC), pro- 
vides additional gain. This op amp is 
arranged a an inverting amplifier to 
ensure that the control voltage is 
directly proportional to the heat sink 
temperature. Transistor T; provides the 
level of current needed by the fans. 

Preset P2 in the feedback loop sets 
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the gain of IC;, and thus the degree to 
which the control voltage follows the 
temperature-dependent sensor output. 

The fans are switched on via IC,, 
which compares the output signal of 
ICj, with the reference potential 
derived from network R5-P;-R,. At a 
given threshold, set with Py, IC), 
changes state, whereupon the -ve pin 
of Ky is linked to earth, resulting in the 
fans being switched on. Diode Dy 
lights to indicate this happening. The 
threshold set with P, is also used as a 
reference for IC), to ensure that the ini- 
tial control voltage is equal to the 
switching threshold. 

Circuit IC) 4 provides the over-tem- 
perature indication signal. This com- 
parator guards the output voltage of 
amplifier IC;, and changes state when 
the fans are working at full speed. 
Diode Ds lights and a high level is 
passed to the ‘max temp’ output via 
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resistor R53. This high level may be 
communicated to the protection board 
in the Titan 2000 for use as a switching 
signal, In other amplifiers, it may be 
used via a buffer to, say, energize an 
output relay. 

The supply for the circuit has been 
kept as simple as possible. The fans are 
driven by the rectified secondary volt- 
age (16 V) of the transformer. The 16 V 
line is additionally decoupled by net- 
work R3;5-C,-C; for use as a supply for 
Cy. The +12 V supply needed for the 
various references and setup networks 
is obtained by applying the 16 V volt- 
age to [C5. Diode Dy functions as on/off 
indicator. 


SETTING UP 

The turn-on threshold is set with P; 
and the range of rotational speed of 
the fans with P>. These settings are 
empirical and to individual require- 
ments, for which an accurate ther- 
mometer is required. 

Two extreme settings are possible. 
The first is with the turn-on threshold 
fairly high (60-65 °C) and maximum 
gain. The maximum rotational speed 
will then occur at a temperature only 
6-7 °C higher than the turn-on thresh- 
old. The second is to set the turn-on 
threshold fairly low, say, 50 °C and the 
amplification low. This provides the 
largest possible control range, but the 
fans cannot reach maximum speed. 

It is clear that the most practical set- 
ting is somewhere between these 
extremes. It is advisable to use a maxi- 
mum heat sink temperature of 70°C, in 
which case D; should light. 


CONSTRUCTION 
The control is best built on the printed- 
circuit board shown in Figure 2. 

Since it may happen that the speci- 
fied transformer cannot be obtained, 


the board may also be used with an 
external transformer or mains adaptor. 
The secondary of the transformer or 
the output of the mains adaptor is 
linked to the board via a two-way ter- 
minal strip for board mounting (Kj). If 
required, the transformer section of the 
board may then be cut off. 

Since the dissipation of T, may rise 
to 6W, the component must be 
mounted on a heat sink. If a Fischer 
Type S5K104 is used, the supporting 
pins of this may be soldered to the 
board. An isolating washer is not 
strictly needed, but, since the collector 
of the transistor is linked to the case, 
care should be taken to ensure that the 
heat exchanger does not touch other 
components. 

Figure 3 shows the completed 
prototype. 

The sensor is connected to K; via 
two twisted lengths of thin, stranded, 
insulated circuit wire. Also, the output 
“max temp’ is linked to input ‘temp’ on 
the protection board via two twisted 
lengths of similar wire. 

The light-emitting diodes (LEDs) 
are, of course, not placed on the board, 
but mounted on the front panel of the 
amplifier. They, too, are linked to the 
relevant positions on the board by 
twisted lengths of thin, insulated, 
stranded circuit wire. 

The fans are connected in parallel 
to Ko. 

When the control is used with the 
Titan 2000, all connections are shown 
on the wiring diagram of that amplifier 
(Part 4, Figure 16 elsewhere in this 
issue). 

When the control is used with a 
public-address amplifier (PA), the fans 
may be connected to’+’ and ‘L’ on K3 
instead of to ‘+’ and ‘—. If this is done, 
the fans are on continuously, but still at 
a speed that depends on the heat sink 
temperature. 

The peak output current of the cir- 
cuit is 1 A, which is more than ade- 
quate since most fans need only 
200-230 mA. 

The peak voltage available at Ky is 
equal to the rectified transformer volt- 
age less the knee voltages of T; and T3. 
In practice, this is about 13 V. 
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The calliper gauge 
described in this arti- 
cle is not an optoelec- 
tronic* device, 
although it is based 
on the marriage of a 
laser (optics) and 
electronics. It is an 
excellent example of 
the way optics and 
electronics can be 
made to work 
together. Like its 
mechanical counter- 
part, it is very accu- 
rate, gives fast results 
and need not touch 
the object to be mea- 
sured. 


Be 
k 

EE 
; 

E 
Be 
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By Prof. Dr A Kettler 
Technical University, Aalen (Germany) 


*Optoelectronics is the study and appli- 
cation of electronic devices that emit 
light (lasers, light-emitting diodes), 


amplify light (optical amplifiers), detect 
light (photodiodes, phototransistors), 
and control light (Kerr cells). 


Laser-based 


THE PRINCIPLE 
Mechanical vernier calliper gauges 
have two parallel surfaces between 
which the object to be measured is 
placed: it does not matter how it is so 
placed—see Figure 1. In the optical 
equivalent the object is scanned by a 
parallel beam of light. Such a beam 
may be obtained by passing light from 
a point source through a collimator. An 
excellent point source for the present 
purpose is a laser diode. 

A collimator is a device or system 
that produces a beam of (near) parallel 
light. For use with a laser diode, it 
needs a very short focal length (of the 
order of millimetres) to convert the 
strongly divergent beam from a laser 
diode into a parallel beam. Since with 


vernier calliper gauge 


enables contact-less 
measurements 


such a short focal length serious image 
errors may occur, the collimator is usu- 
ally a combination of lenses instead of 
a single lens. 

In the vernier calliper gauge, the 
eyepiece of a microscope was used, but 
the tube of a small pair of binoculars 
will also do. The reader may note that 
multi-lens collimators are commercially 
available. 

The object to be measured is placed 
in the parallel laser beam so that it 
throws a shadow on to an optical sen- 
sor, a diode array or a charge-coupled 
device—CCD. Owing to the paral- 
lelism of the beam, the dimensions of 
the shadow are exactly the same size as 
those of the object—see Figure 1. 
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laser 
diode 


collimator 


LINEAR SENSOR 

ARRAY TSL401 
Charge-coupled devices need several 
supply voltages and complex control 
signals, while their output signal 
requires additional analogue process- 
ing. In contrast, the Type TSL401 linear 
sensor array from Texas Instruments’ 
provides a readily usable output signal, 
and needs only a single 5 V supply line 
and two logic signals. The functional 
block diagram of the sensor is shown 
in Figure 2. 

The TSL401 consists of a 128x1 
array of photodiodes and associated 
charge amplifier circuitry, The pixels 
measure 63.5 zm high by 50 wm wide 
with 63.5 um centre-to-centre spacing 
and 13.5 zm spacing between the pix- 
els. 

Light energy striking a pixel gener- 
ates a photocurrent that is then inte- 
grated. The amount of charge accumu- 
lated at each pixel is directly propor- 
tional to the light intensity on that pixel 
and the integration time. The integra- 
tion time is the interval between two 
consecutive output periods. 

A 128-bit shift register controls the 
output period of the device. An output 
period is initiated by the application of 
a high logic level to S; for one leading 
(positive-going) clock edge. The logic 1 
is clocked through a 128-bit shift regis- 
tet, in which one bit is associated with 
each pixel. When a given bit is high, 
the associated pixel signal is coupled to 
the analogue output (AO) through an 
output amplifier. When the bit goes 


laser beam 


object diode array 
to be (128 pixels) 
measured 


mark ‘and code 

reading, optical character recognition 
(OCR) and contact imaging, edge 
detection and positioning, and optical 
linear and rotary encoding. 

More detailed information on the 
sensor array is available on the Inter- 
net: http://www.ti.com/sc/docs/fold- 
ers/analog/ts]401.html 


CPLD INSTEAD OF 
MICROCONTROLLER 

The sensor array may be controlled by 
a CMOS Programmable Logic Device 
(CPLD) instead of a microcontroller, A 
good choice for this purpose is the 
Type ispLSI1016 from Lattice 
(described in EE, November, 1994). 

This device contains 64 macrocells, 
which makes it ideally suitable for 
simultaneously generating control sig- 
nals for the array and providing an 
interface for connecting it to a com- 
puter. See Figure 3. 

A dedicated programming unit is 
not needed, since the logic may be 
input directly into the CPLD via the 
parallel port of the computer. 

Since the download cable also pro- 
vides a link between the CPLD and the 
computer, the measurands may be sent 
directly to the computer. Before this 
can be done, however, the cable as well 
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as the ispILSI1016 
board need a few small modifications. 
Information on these is available on 
Lattice’s Homepage: 
www.latticesemi.com 


CONTROL LOGIC AND 
INTERFACE 

The overall logic is in synchronous for- 
mat: all registers are clocked centrally 
by a 16 MHz system clock. Asynchro- 
nous signals are integrated into the 
oscillator signal by bistables. 

The 2 MHz pixel clock for the sen- 
sor array is derived from the system 
clock, so that a pixel clock period con- 
sists of eight phases. This means that 
the signals needed for processing the 
pixels may be synchronized with an 
accuracy of an eighth of the pixel clock 
period. 

The logic signals in the ispILSH016 
are applied to modules contained in 
the CPLD as shown in Figure 4. 


SYNCHRO 
Control signals MODE and scLk, with 
which the computer starts the serial 
reading of the data, are not in syn- 
chrony with the 
system — clock. 
They are, there- 
fore, synchro- 


a a ee ed 


low, the integrator is reset. 

The output amplifier is a source fol- 
lower that needs an external pulldown 
resistor. The source-follower configu- 
ration permits an analogue wired-OR 
hookup of multiple devices. When the 
device is not in the output phase, the 
output is in a high-impedance state. 
The output is nominally 0 V for no 
light input and 2 V for a nominal light 
intensity. 

The TSL401 is intended for use ina 
wide variety of applications, including 


‘Output 
Ampiltier 


o 
é 
5 
H 


Suk 
J 


i 
' 
an 
4 
4 
I 
a 
| 
-= 4 


O12 


reds 12 


126-Bit Shit Register 


Elektor Electronics 5/99 


diode array 
(128 pixels) 


pixel) 


comparator 


__ download 
cable 


threshold 
control 
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SYNCHRO 


EDGE.SM 
limitad output signal 
from Hine sensor 


pixel clack 
900049 - 14 


CONTOUR MEASUREMENT WHITH TSL401 AND ISPLS11016 


| 4.76 mm 


mean diameter: 
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nr.of scans: 


58 


nized with it before being applied to 
the remainder of the module. 


PIXCNTR 

The PIXCNTR module counts the num- 
ber of pixels and generates control sig- 
nals si and PIXCLK for the sensor array. 
The array is read permanently at a 
pixel frequency of 2 MHz. 

The module is based on a 10-bit 
counter that is clocked at 16 MHz. Bits 
Co-C, form the real pixel counter, 
while bits phg-phy divide a pixel 
period into eight intervals. The latter 
three bits are also used by the EDGR_SM 
module when a light/dark edge is 
detected to monitor the transient oscil- 
lation of the output signal of the sensor 
array pixel by pixel. 


EDGE_SM 

The video signal arriving from the sen- 
sor array is converted into binary form 
by a comparator (LM311) and then 
applied to an edge detector which rec- 
ognizes light-to-dark or dark-to-light 
transitions. 

The phase information of signals 
phg-ph, determines when the binary 
signal is sampled within the pixel clock 
period. This enables the transient 
response of the video signal to be 
allowed for. The edge counter (e)-€3) is 
increased by one for each edge; the 
counter state is passed to FDGF_BUF. 


EDGE_BUF 

The RbGE_BLF module assumes the 
state of the pixel counter at each new 
edge. Up to four edge positions may be 
stored. 

Measurement of the edge positions 
is started by the control computer with 
signal MobE, After the measurement 
has been completed, the edge positions 
from the computer are read bit by bit 
via the parallel interface. The single 
data bits are clocked by scLk and out- 
put via sy; Measurement and data 
transfer follow each other in not fewer 
than two read periods of the sensor 
array, that is, 128 us. 


COMPUTER PROGRAM 
The software for reading the measure- 
ment values is produced under Dos in 
Turbo Pascal. It is accessed directly at 
the relevant [I/O register via the paral- 
lel port. 

Although the logic design allows 
very rapid measurements to be carried 
out, in practice the speed of measure- 
ment is determined by the (relatively 
low) speed of port access during the 
data transmission. 

Tests with a Pentium 166 produced 
measurement times of 192 us in the 
case of two edges, and 256 us in the 
case of four edges. 

[SNM] 
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SPECIAL PRODUCTS 
Elektor Electronics Help Disk 

966022-1 disk, Windows version 
Elektor Electronics Item Tracer 1985-1998 


99601 0-t contents database 
(disk, Windows version), non subscribers 


996010-1 contents database {disk, Windows version), subscribers 
No, 277 MAY 1999 
Fan control 


990041-1 PCB 
12C stepper motor controller 
996014-1 disk, driver and source code file 
Sealed lead-acid (SLA) battery charger 
990037-1 PCB 
Video DVM 
992024-0 Set: PCA + 996503-1 
996503-1 AVA90S1200-16PC, programmed 
992024-1 PCB 


No. 276 APRIL 1999 


Evaluation system for SABB0C166 (2) 
996509-1 EPROM {Li 
990028-1 PCB 
996009-1 disk, monitor ! GAL listing 


996509-2 EPROM {H) 

996508-1 GAL 
LightFinder 

990D35-1 PCB 
Servo tester 


996507-1 ST62T65 
996008-1 disk. source code file 
9900a0-1 PCB 


No. 275 MARCH 1999 


Circuit testing with a sawtooth 
990032-1 PCB 


[2C interface for the printer port 
9960041 disk 
Noise Generator 
go0014-1 PCB 
PC screen data flasher 
S86038-1 disk 
$X-microcontroller evaluation system (2) 
ggonia-2 PCB 
996007-1 disk 
996506-1 ATagC2051 


990058-C Set: 2 PGBs {-1 + -2) + 996506-1 
9900181 PCB 
Titan 2000 


990001-1 PCB 
950001-2 PCB 


990001-C Set: 3 PCBs 
990001-3 PCB 
VGA display tester 


990022-1 PCB 
996501-1 EPM7 064 


990022-0 Sel; PCB + 996501-1 
No. 274 FEBRUARY 1999 
Auto shuttle for mode! railway 
9B0080-1 PCB 
Com-Watch 
9B6035-1 disk 
990013-0 Set: PCB + 986035-1 
990019-1 PCA 
Data Logger for DMM 
ggodad-1 PCH 
98522-1 EPROM 
990024-C Set: PCB + 986522-1 


General-coverage receiver 
ga0084-2 PCB 
986517-1 PIC16F84 
gav084-C Set: 2 PCBs (-1 + -2) + 986517-1 
980084-1 PCB 
Wave File Player 
996006-1 disk, source code file 
996505-1 AT9052313 
990015-1 POB 


No, 273 JANUARY 1999 


Conductance Tester 
geoidd-1 PCB 
Home Alarm System 
9B6028-1 disk, source cade file 
960091-1 PCB 
986519-1 PIC t6F84 only 
Multiburst Generator 
980095-1 PCH 
98B029-1 disk, source cade file 
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986520-1 XC9536 CPLO only 


Wo. 272 DECEMBER 1998 


32-Channel PC Controlled Light Dimmer 
980076-1 PCB 
986025-1 disk, PC contra! program 
986033-1 disk, source code file 
986524-1 AT90S23 only 

Battery Capacity Measurement by PC 
986034-1 disk 


12¢ Temperature Sensor 
984021-1 PCA 

Joystick & MIDI Interface for Soundblaster Cards 
982090-1 PCB 

LED Barometer 
984061-1 PCB 


RF Signal Generator 
980053-1 PCB only, ¥YFO/PLL 
980053-3 PCB only, control 
980053-C Set: 4 PCB's + 986515-1 
986515-1 AT89C51 only 
980053-4 PCB only, power supply 
980053-2 PCB only, attenuator 


No. 271 NOVEMBER 1998 
A Compact Display Controller 


986521-1 AT90S1200 only 

986030-1 disk only 

980096-C set; 986030-1 + 986521-1 
Barometer/Altimeter 

980097-C set: PCB + 986031-1 


986031-1 disk only 
980097-1 PCB only 
Master/Slave Switch Deluxe 
982063-1 PCB 
PC Control for MiniDisk Player 
986516-1 AT89C201 
980092-C set: PCB + 986516-1 
9B0092-1 PCB only 
Smartcard-Operated Code Lock 
980061-1 PCB only 
986511-1 PIC only 
980061-C set: PCB + 986511-1 


No. 270 OCTOBER 1998 
418/433 MHz Fieldstrength Meter 
980083-1 PCB 
AVR-RISC Evaluation System 
gab082-1 PCB only 
986020-1 disk only 
9a0D82-C set: PCB + 986020-1 
Digital Clipping Indicator 
980072-1 PCB 
Refrigerator Economizer 
980052-1 PCA 
Rev Counter with LEDs 
980077-1 PCB 
Versatile Control System PLC87(A) 


986513-1 87051 (digital version) 

986026-t disk only 

980066-1 PCB only 

986514-1 870550 (analogue versian} 
No. 269 SEPTEMBER 1998 


418/433MHz Control System 


980063-1 Transmitter PCB only 
980063-2 Receiver PCB only 
980063-C set: PCBs (-1 + -2} 


Active Magnetic Antennas 
980062-1 PCB 


Experimental Power Supply for PCs 
980057-1 PCB 
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i Lalpssasnabrerseepe please contact our Ealtoral 
and Administrative 


Offices, tobephone (01905) 250005; tax 
250096, email sales@elektor-slectronics;co.uk: °° 
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11:25 22.50 
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19:25 26.50 
5-00 10,00 
7:25 14,50 
&75 14.50 
10-75 21,50 
12-50 25.00 
14-25 28.50 
65-75 131.50 
22-50 44.50 
12-00 24.00 
11-00 22.00 
13-75 27.50 
10-25 20.50 
22:50 45.00 
15°00 30.00 
5-00 10.00 
1075 23.50 
9-75 19.50 
16:75 33.50 
22:50 45.00 
725 14,50 
8-25 16.50 
18-75 37.50 
25-25 50.50 
B25 12.50 
8:25 16.50 
8-00 16.00 
14:50 29.00 
700 14.00 
10-00 20.00 
875 17.50 
22-25 44.50 
875 17.50 
1075 23.50 
63-00 126.00 
7-50 15.00 
4:25 16.50 
13-00 26.00 
8-50 17,00 
11-50 23.00 


£ US$ 
Multiple Test Card tor Microcontrollers 980024-1 PCB 10:50 21.00 
bg 
eae. i No, 263 FEBRUARY 1998 
No. 268 JULY & AUGUST 1998 AVC for PCs 
100-watt Single-IC Amplifier 980023-1 PCB 11:00 22.00 
984062-1 PCB 7-50 15.00 Frequency Display & VFO Stabilizer 
Automatic Air Humidifier 980004-1 PCB only 9-75 19.50 
984087-1 PCB 7-75 15.50 986502-1 PIC only 14:25 28.50 
; 986006-1 disk only 6-25 12,50 
Berlin Clock : 
986508-1 PIC only 15-25 30.50 Functional Trinket ; 
986016-1 isk only 7.95 14.50 980025-t PCB 7: 14.00 
Centronics In-System Programmer Disk only Light Intensity Measurement with a PC : 
986023-1 disk only 5-00 10.00 986002-1 disk only 7-25 14.50 
Doorbell-Controlled Burglar Deterrent Light No. 262 JANUARY 1998 
i , ; 18. as 
984029-1 PCB 9-00 8.00 Electronic Die 
oe _ ‘isk 980021-1 PCB 7-00 14.00 
ase: fi : : Portable Sound Pressure Meter 
Extension Board for MatchBox BASIC Computer i 
er ea O75 sana 970085-1 PCB 9:25 18.50 
waves! 7 ; Stereo Microphone Input Adaptor for PC 
ae ae ve 7 aias go0g7-1 PCB 975 19.60 
. re ’ 
98.406 - ; Handyman/AT90S1200 Programmer 
Low-Cost Development System for PICs 7 970090-1 shuttle PCB only 4:25 8.50 
984060-1 PCB 14:25 28.50 970090-2 Dorking station PCB only 7-50 15,00 
Mains Master/Slave Control Mk2 970090-C set: PCBs (-1 + -2) + 976017-1 20-25 40,50 
984052-1 PCB 9:25 18.50 976017-1 disk only 11-75 23.50 
Maintenance Charger PIC Controlled Light Barrier 
970092-1 PCB 650 13.00 976503-1 PIC only 14-75 29.50 
PIC16C84 Programmer for Centronics Port Running Lights for Christmas 
984036-1 PCB 8:25 16.50 970086-C set: PCB + 976517+1 28:25 56.50 
RC5 Remote Control Extension 9765t7-1 875% only 19-00 38,00 
970047-1 PCB 7-75 15.50 Smartcard Reader/Writer 
Simple Copybit Killer 976014-1 disk only 875 17.50 
g76516-1 EPROM only 15:75 31.50 976512-1 PIC16C84 only 19°50 39.00 
970069-1 PCB only 10-7 21 50 970068-C set: PCB + S76014-1 + 976512-1 35:00 70.00 
970069-C set: PCB + 976516-1 24-75 49.50 No. 260 NOVEMBER 1997 
Simple Infra-Red Transmitter 
9a4049-1 PCB 7-25 14,50 Hygrometer 
970065-1 PCB 11-00 22.00 
No. 267 JUNE 1998 PC as 4-channel Logic Analyser 
Liquid-Level Gauge 976012-1 disk only 8:75 17.50 
970056-C set; 976015-1 + 976515-1 19-00 38.00 Stereo Microphone Amplifier 
976515-1 §T62720 only 15-75 31.50 970083-1 PCB 19:25 38,50 
i 976015-1 Disk only (source code} 5-00 10,00 Video Copy Processor 
| PIC & AVR Programmer Q70066-C set: PCB + 976514-1 8475 69.50 
| 9g0049-1 PCB only 12:25 24.50 976514-1 EPM7032 only 27-50 56.00 
i 986509-1 PIC only 15-25 30.50 
980049-C set. PCB + 986509-1 + 986019-1 33-25 66.50 No. 259 OCTOBER 1997 
986019-1 disk only 875 17.50 12-bit ADC Interface 
AS232 Controlled 8-Channel Switch 970060-C set: PCB + 976011-1 10-50 21.00 
986015-1 Oisk only (VB3 program) 6-50 13.00 976011-1 Disk only (alsa for CPU Thermometer) 5-75 11.50 
OC Nullifier for Oscilloscope Input 
Wo. 266 MAY 1998 970063-1 PCB 12/50 25.00 
DCF-controlled LED Clock 976513-1 P25032 CPLO chip 20:25 40.50 
986505-1 8901051 only 14-00 28.00 976016-1 disk only 5-00 10.00 
Fibre-Optic Data Communication Directional Microphone 
980042-1 PCB 7-00 14.00 970079-1 PCB 8-25 16.50 
Monitor/TV Retresh Rate Meter Frequency Meter and Event Counter Module 
980040-1 PCB only 10-00 20.00 970077-C set: PCB + 976505-1 34:25 68.50 
986510-1 AT90S1200 only 7:50 15.00 976505-1 PIC only 25:50 51.00 
PICXEX Operating System for PICs 
9B6017-1 disk only 8:50 17.00 No. 258 SEPTEMBER 1997 
Centronics Relay Card 
No. 265 APRIL 1998 970053-1 PCB 11-25 22.50 
20-metre CW/SSB Receiver Chipcard Reader/Programmer 
980036-1 PCB 11-75 23.50 976010-1 disk only 850 17,00 
Electric Fieldstrength Meter 970050-C set: PCB + 976010-1 13-50 27.00 
9B0039-1 PCB 8:00 16.00 Data Acquisition System 
Mains Filter with Overvaltage Protection 956510-1 EPROM only 12:25 24.50 
982032-1 PCB 8-00 16.00 95601D-1 disk only 87 17.50 
PC-Aided BJTTester Revisited 970059-C set: PCB + 956510-1 + 956010-f 33-00 66.00 
986005-1 disk only 10-25 20.50 Dual Continuity Tester 
980022-C set: PCB + 986005-1 20-25 40.50 970020-1 PCB 7-50 15.00 
80032 BASIC Computer 
980002-1 Main board 10-25 20.50 ae Sees Set Teer 
980002-2 Extension board 15-00 30.00 Digital Tester 
986503-1 EPROM 975 19.50 9740121 PCB 13-25 26.50 
986007-1 Disk 5-00 10.00 LM2574 Switch-Mode Power Supply 
Balanced/Unbalanced Converters for Audio Signals 974024-1 PCB 7-50 15.00 
980026-1 PCB 17-50 23.00 Selective Door Chime 
Data Acquisition System 974025-1 PCB 8:50 17.00 
9686504-1 AT89C52 controller 24:25 48,50 
986013-1 Disk (Source code files} 8:25 16,50 No. 255 JUNE 1997 
IC Tester 800537 Microcontroller Board 
gga029-C set: PCB + 986506-1 + 9B6507-1 + 986014-1 35-00 70.00 970048-C set: PCB + 976510-1 + 976511-1 + 976008-1 58-00 116.00 
986507-1 EPROM only 8-25 16.50 976510-1 EPROM only 140 cae 
986014-1 disk only 5-00 10.00 97851 1-1 GAL only 1475 29,50 
980029-1 PCB only 21-00 42.00 976008-1 Monitos doc file on Disk 8-00 16.00 
986506-1 GAL only 575 11.50 


Variable Power Supply 


Products for older projects (if available) may be found on our web site 


tp://www.elektor-electronics.co.uk 
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GENERAL INTEREST 


not widely known 
that a new type of 
p was introduced 
in the 1980s: the 
duction lamp. The 


ing it is on for six 
ours a day, will last 
r 3-25 years*. This 
article gives a brief 
description of the 
design. 


ig on the type and 
ure of the lamp system. 


from Philips Lighting and the article 
Elektrodenloze athe from 
} Review, no. 96/4 


QL & Genura 


induction lighting 


onomical lamps with a long life 


Everlight 
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INTRODUCTION 
In spite of it being virtually unknown to 
the world at large, the induction lamp 
system has been around since the mid- 
1980s, In the intervening years, many of 
its facets have been improved to make it 
a more practical product and the lamp is 
consequently now used more and more 
in industrial applications. No doubt, once 
it becomes more widely known, many 
householders will switch to it as well. 
The first design, introduced in 1986 
by Matshushita Electrical Works in Japan, 
was originally intended for the home 
market only. In 1991, Philips of the 
Netherlands announced a similar lamp, 
the QL lamp, and a few years later, Gen- 
eral Electric launched its R80 Genura 


Retrofit induction lamp. Today, there are 
several other types as well, such as the 
E-lamp from Intersource Technologies, 
and the Solar 1000 from Fusion Lighting. 

The Everlight lamp, the Genura Retro- 
fit lamp, and the E-lamp, are low-power 
types, whereas the QL lamp is available 
in 55 W, 85 W, and 165 W ratings. The 
Solar 1000 lamp, rated at 1400 W, is clearly 
intended for heavy-duty applications. 
Nevertheless, all these lamps work on the 
same principle: an induced discharge in 
an evacuated tube. 


BASIC DESIGN 

An induction lamp system consists of 
three main elements: an evacuated dis- 
charge tube or bulb, an induction-field 
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generator, and 
an rf, generator. 

The operat- 
ing frequency of 
the rf. generator is 2.65 MHz in the QL 
and Genura Retrofit lamps, 13.65 MHz in 
the Everlight and E-lamps, and 2.45 GHz 
in the Solar 1000 lamp. The latter system 
consists of an evacuated discharge tube, 
a magnetron, a waveguide and a 
microwave cavity. 

The induction-field generator consists 
of an inductor on a ferrite core. The cur- 
rent flowing through the inductor gen- 
erates a magnetic field that is magnified 
by the ferrite core. The magnetic field 
causes an electric field in the lamp, which 
generates a circular plasma current 
around the field generator to sustain the 
discharge. The system operates like a 
transformer, in which the inductor is the 
primary winding and the plasma in the 
lamp functions as the secondary wind- 
ing. 

The operation is virtually identical to 
that in a traditional fluorescent tube. The 
mercury atoms are excited by the dis- 
charge and emit ultraviolet photons. 
These photons are converted into visible 
light by the phosphor layer at the inside 
of the tube or bulb. 


OPERATION 

The basic design of the QL and Genura 
Retrofit lamps may be understood from 
the sketch at the left in Figure 1, and that 
of the Everlight from the sketch at the 
right. In both sketches the discharge tube 
is at (a). The electromagnetic field ignites 
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the gas in the 
tube or bulb, 
which results in 
ultraviolet radi- 
ation, The current causing the electro- 
magnetic field flows through the induc- 
tive-field generator (b). The rf. generator 
at (c) is the electronic system that gener- 
ates the rf. signals that are converted into 
an electric field by the field generator. 
This is the circuit that in practice appears 
to determine the ultimate life of the 
lamp. 

Figure 2 shows a practical QL lamp, 
although in normal use this is usually 
mounted in a suitable holder. 

In the field generator in Figure 3a, the 
alternating current, J, in the primary coil 
induces a corresponding current at the 
same frequency, [,, in the secondary coil. 
In the QL lamp system, the secondary 
coil is formed by the metal evaporated in 
the bulb. 

In Figure 3b, the free electrons in the 
metal vapour are excited by the induced 
secondary current, which results in ultra- 
violet radiation. This radiation is con- 
verted into visible light by the phosphor 
layer on the inside of the bulb.(1: gas 
vapour atom; 2: visible light; 3: fluores- 
cent powder). 

Figure 3c shows the discharge tube of 
the QL lamp system in the shape of a 
sealed glass bulb that is filled with a 
noble gas at low pressure and a small 
quantity of vapourized mercury. (1: cav- 
ity; 2: fluorescent coating; 3: residual 
amalgam; 4: main amalgam; 5: lamp 
socket). 


Photo: Philips Lighting 


The external rf. generator in Fig- 
ure 3d generates an alternating current 
at a frequency of 2.65 MHz for the pri- 
mary coil of the field generator in Fig- 
ure 3a. (1: primary coil; 2: 40 cm coaxial 
cable; 3: 2.65 MHz oscillator; 4: mains 
voltage terminals; 5: pre-treatment; 6:fil- 
ter; 7: nf. generator. 


LONG LIFE 

Because the discharge tube has no elec- 
trodes, the life of the system is deter- 
mined primarily by the associated elec- 
tronics. The estimated average life 
quoted by manufacturers, that is, the 
time after which 50 per cent of the lamps 
still function correctly, is 10 000 hours for 
the Genura lamp; 15000 hours for the 
Solar 1000 system; 50000 hours for the 
E-lamp, and 100000 hours for the QL 
lamp. Consumers, however, are more 
interested in the practical life span, that 
is, the period after which 80 per cent of 
the lamps is still in working order but the 
light emission has been reduced to 70 per 
cent. Generally, this is about 60 per cent 
of the estimated average life, that is, in 
the case of a QL lamp, about 60000 
hours. 


INTERESTING FACTS 
The shape of most induction lamps is sim- 
ilar to that of traditional incandescent 
lamps. This means that the light flux of 
these new lamps can be controlled much 
more effectively by reflectors than that of 
standard fluorescent lights. 

As mentioned before, induction 
lamps are electronic products that gen- 
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erate electromagnetic radiation. If these 
waves interfere with other signals, elec- 
tromagnetic interference (EMI) may 
ensue. At present, there are few guide- 
lines for interference suppression in the 
case of lamps rated at up to 25 watts. 
Until recently, higher power QL lamps 
used an effective but expensive holder to 
meet current radiation requirements. 

A general complaint regarding induc- 
tion lamps is that they are not available 
in higher powers. The Solar 1000 System, 
which is rated at 1400 watts, proves that 
the light flux is not a limiting factor. 

The length of standard fluorescent 
tubes increases in direct proportion to 
the power rating. Because induction 
lamps are also fluorescent products, their 
light-emitting surface will also increase 
with the power rating. However, since 
induction lamps are normally bulb- 
shaped, their surface area will increase 
with with only the fourth root of the 
power. 

Although none of the currently avail- 
able induction lamps is suitable for use 
with a dimmer switch, this does not 
mean that the light produced by these 
lamps cannot be dimmed. Since the rele- 
vant electronics is integrated in the lamp 
system, it should be possible to imple- 
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ment dimmers in it. 


NEW VARIANTS 

The electromagnetic interference (EMI) 
has been reduced drastically in the latest 
generation of QL lamps. Provided they 
are properly earthed, these lighting sys- 
tems meet the requirements of EN5501, 
EN55022, and FCC Part 15 Class B. This 
means that designers of suitable holders 
for these lamps need not worry about 
possible design limitations. 

Also, the rf. generator for use with the 
latest variants is about 30 per cent smaller 
than the previous generation. This 
means that the QL lamp can be inte- 
grated more readily in holders. 

QL lamps are now available with 
powers up to 165 watts. A discharge tube 
only 13 cm (5 in) long can produce a 
luminous flux of 12 000 Im. 

General Electrics has recently intro- 
duced a smaller version of its Genura 
lamp. Rated at 15 watts, this lamp pro- 
duces a luminous flux of 700 Im. 

The Endura system from Osram is 
rated at 150 watts and operates with (the 
relatively low) frequency of 250 kHz. It 
produces a luminous flux of about 
80 Im/watt, that is, 12 000 Im. 
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CONCLUSION 
The new generation of induction lamps 
combines the advantages of fluorescent 
lighting, such as low energy consump- 
tion, low heat production, variable colour 
(within reason), high efficiency, and long 
life, with the advantages of the incan- 
descent lamp. Especially attractive is the 
round shape, which makes it much eas- 
ier (and cheaper) to produce holders 
(sockets) than for the long neon tubes, 
and to replace standard incandescent 
lamps. 

Owing to their current high price, 
induction lamps are at present used only 
in situations where the replacement of 
lamps is expensive: rooms with high ceil- 
ings, tunnels, theatres, street lights, and 
so on. The high initial investment is 
largely compensated by the very low 
maintenance costs. 

[90004] 
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